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I. INTRODUCTION 

in ashallow water envircnment, characterized by a 
continental shelf, sound energy radiating from a seaward 
Source propagates up the slope toward the shoreline, the 
apex - the confluence of the water and bottom incline. 
Assuming isospeed cenditions and the absence of reflectcrs 
in the water, the energy proceeds towards the apex via ravs 
along a direct path, along rays which reflect from the 
water-bottom and air-water interfaces, and along rays which 
merract and difiract. Clearly, the specific paths of the 
rays are dependent ufon -acouStical and geometrical cond:i- 
tions which prevail in the shallow water environment. A 
humber of theories, most notably, normal modes, ray, and the 
method of images, predict that sound energy travelling up a 
tapered fluid wedge will be transmitted into a fast botton 
substrate in distinct beams of sound [{Refs. 1,2,3]. Figure 
1.1 depicts the fluid wedge gecunetry. 

In 1978, Kawamura and Ioannou [Ref. 4] investigated the 
acoustic energy transferred fron a tapered fluid wedge into 
west Lllid bottom. By computing the distribution of pres- 
sure amplitude and phase along the interface of the boundary 
separating the fluids. Comparing their measurements with a 
modei based on a combination of normal modes and ray theory, 
they accurately predicted the location of the pressure 
maximum below the apex, but could not account for the struc- 
ture experimentally found below the depth of maximum fres- 
sure. Subsequent effort [Ref. 1] was channelled in the 
reexamination of the theory ir an effort to explain the 
observed pressure. This examination led to the conclusion 
that the beams entering the substrate at different distances 


from the wedge apex interacted causing phase interference, 
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which produced the structured profile. In general, the 
pressure increased linearly with depth beneath the apex, 
peaked, and then experienced a series of pressure minima and 
maxima. The effort culminated in a computer model, based on 
image theory, that employed saddle-point approximations to 
predict the pressure profile beneath the apex. The model 
predicts the sound field for various acoustical parameters 
(substrate absorption, densities, and speeds of sound) and 
geometrical parameters (wedge angle(fR) and projector angle 
(xX ))- It was designed for a source at infinite distance, 
small wedge angles, and small absorption in the substrate. 
Use of saddle-point approximations restricts the area of 
validity to a region directly beneath the wedge apex. 
[ Refs. 1,5]. 

Appiying the method of images to the case of a fluid 
wedge overlying a fast bottom [hefs. 6,7,8], the images ie 
on a circle with the wedge apex as the center (see Figure 
le ae The images closest to the source correspond to rays 
which make small grazing angle reflections from the two 
surfaces of the fluid wedge. The images further from the 
source correspond to frays with greater angles of elevation 
or depression. These rays suffer more reflections from the 
wedge surfaces as they proceed up the wedge and, conseg- 
uently, experience greater energy loss than the rays repre- 
sented by the images closer to the source. Assuming smooth 
wedge surfaces, the complex acoustic pressure is obtained by 
summing the contributions of the source and the images. 

As the rays propagate up the wedge, their angle of inci- 
dence increases with each reflection from the surfaces until 
the grazing angle becomes greater than the critical angle, 
6, and energy is transferred into the botton. The clesest 
distance from the apex at which energy is transfered to the 


substrate is called the dump distance. 
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XxX = S fed lpes 4) 


— ie Ee ee ee eee eee eee ee 


where: 

£ = the freguency of the source 
ae -i 

@. = critical angle (Cos (c¢,/c)) 

B = wedge angle 


c = speed of sound in the substrate 


The experimental model of a Slow fluid wedge overlying a 
fast bottom used in this present research erfort was Similar 
to the model used Dy Kawanura and Joannou [Ref. 4}. 
HOWweVerL, this experiment used a much larger and fully 
enclosed structure capable of béing pressurized. Transducer 
fluid was used in the wedge and tap water served as the fast 
bottom. The experiment was conducted at a frequency of 88.2 
kHz, density ratio ({R/p ) of 0.98, and speed of sound ratio 
foeycG ) of 0.91. Data were taken with the fluid wedge at 
various angles from two to ten degrees, with the projector 
at either, one-half or  one-guarter the wedge angle. 
Additional measurements were cbtained at wedge angles or 
four, six, and eigat degrees with the fluid wedge enclcsure 
pressurized. 

The primary objectives of this experimental research 
effort were: 

A. To determine the fine scale structure of the 
pressure profile ina fast bottom and to compare the 
results against theoretical predictions obtained fron 
the computer mcdel. 

B. To Compare the results ottained when the enclcsure 
waS pressurized to the results obtained for Similar 


conditions when the enclesure was nonpressurized. 


C. To determine if projector location Wiehe 7: eee 
wedge alters the pressure profile for a similar wedge 


angle and projector depth. 
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Figure 1.2 Geometry of a wedge by the method of images 
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II. THEORY 


The expression for the pressure in the substrate is 
derived from the Method of Images, which assumes distant 
image pairs, in conjunction with Green's Intregal Function 
[Ref. 1]. The equation for the pressure in a lossy subs- 


trate iS given as: 


P(V Ms) = (F/M )explgnt) RA 2 Anexpla hRXav) 1 (eqn e221) 


Where; 
co 
\y (2) y 
I, = Wah) | H. (RX A) explahXa (Ane) “dar 
(y*+ nt) '2 
k = k-j = k(1-j ) 3 K = wee 
kX = T f/ 2(2TanO Tan ) ; 0 = Cos ({c /c) 
a = CosO / CcsO 


Nondimensional factors ; 

V= -x/X > he Z/X 3; C= PUNT S re eo he 
A 
3 


See Figure 2.1 for wedge geometry and nomenclature. 


dump distance 


wedge angle 


Equation 2-1 can we £urtner Simwpiified by appiying 
saddle-point technigues, which further restrict the applica- 
bility of the final expression. Evanescent, refracted, and 
diffracted waves are all affected by the constraints imposed 
by the saddle-point approximations. Equation 2-2 is the 


resulting equation. 
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P(YsNst) = i 1 (210-9 A expe RAN (4 / a. Nari) eae Ly Rxval (eqn 2.2) 
” 832, Aro Eatxtis, +N, Ue n/a) F(a \ 


WHERE: 
; 2. <I ‘ “Yar. 2 . : a 
a= CRX/ 1) tal (eary holo ery “= nary? ] 
F (4. ) is a Fresnel Intregal which describes the 


transition between a diffracted and refracted arri- 
vals. 

A convenient case is when Y is allowed to go to zero. 
THEN, FCR FINITE VALUES OF Ti, $ IS EQUAL TO %1 722 lume 
effectively reduces the number of constraints on equation 
2-2 to the following: 


Zz >A/ (7 Sine, ) (eqn 22280 
z >A (eqn 2.4) 


This restricts the applicability of equation 2-2 to a depea 
greater than a wavelength and in the region directiy -Lelow 
the wedge apex. 

The interested reader should consult reference (1) for 
the details in the evolution of equation 2-2. Additionally, 
reference (1) provides similar equations for a lossless 
substrate and compares the solutions obtained by the saddle- 
point and the end-point methods. 

Equation 2.2 was programmed for a Wang 2000 desk-top 
computer [Ref. 1] and this program ("WEDGE17") was used in 


this thesis to predict the pressure in the substrate. 
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Aw. SUMMARY OF APPARATUS FUNCTICNS 


The experimental facility consisted of a rectangular 
enclosure which contained a wedge of transducer fluid, the 
Slow medium, suspended over a wooden tank filled with tap 
water, the fast bottom substrate. The two liguids were 
separated by a thin Mylar membrane. The enclosure could be 
pressurized by a hand pump thrcugh an air control valve on 
the tcp of the enclosure. The desired wedge angles were 
achieved by elevating one end of the enclosure. The 
projector, located on the longitudinal centerline of the 
enclosure, waS poSitioned opposite the apex. It transmitted 
a pulsed signal up the wedge towards the apex. The 
projector was restricted to twe horizontal locations along 
the longitudinal axis of the enclosure: 87.31 cm and 57.0 co 
from-the wedge apex. However, at each of those locations 
the projector could be positioned vertically anywhere within 
the fluid wedge enclosure. All experimental events except 
one were conducted with the projector at a distance of 87.31 
cn. The transmitted pulsed signal was received by two LC-10 
hydrophones; one located in the wedge enclosure and _ the 
other in the water tank directly beneath the afex. The 
received signals were amplified and then measured on the 
Nicolet oscilloscope. A photograph of the experimental 
facility is shown in Figure 3.1. Figure 1.1 provides an 


illustraticn of the fluid wedge geometry. 
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B. APPARATUS DESCRIPTION 


1. Water Tank 


The water tank was one cr the tanks available in the 


underwater acoustics laboratory at the Naval Postgraduate 


Se1e00 1. The tank was constructed of plywood with the 
following interior dimensions: length - 70.5 in.; width - 
Eameomein.e; and depth - 23.75 ind. The inside surfaces were 


painted with Varathane. To reduce bottom reflections, a rad 


of rubkrer cone absorbers was flaced on the bottom of the 


tank beneath the apex. The tank was filled with water fron 
a tap at the site. The water temperature remained reila- 
tively ccnstant during a given measuring event. HOWweVeEL, 


the temperature ranged from 20.8 to 21.2 degrees Ceisius 
through the entire duration of this study. The water level 
Sedemtdiltained= at the Same height as the top surface of the 
transducer fluid witain the enclosure. Thus, it was neces- 
sary to adjust the water level for each increment in the 
wedge angle. Figures 3.2, and s.3 are drawings of the water 


tank and the enclosure. 
2-. Fluid Wedge Enclosure 


The enclosure waS a rectangular box constructed of 
aluminum, plexiglass, and Mylar components. The enclicsure 
is shown in Figure 3.4. Its dimensions were as foliows: 
oom em s7o0 ins; width = 16.0 in.; Wand height - 8.5 in. 
mmewas Labricated of 0.5 in. thick aluMinum Sidewalls, 0.5 
meee thick plexigiass top, and a 0.5 mil thick Mylar botton 
membrane. 

On the intericr side of the packwall (projector end) 
five lines were etched which corresponded to the fluid 
levels necessary to achieve wedge angles of two, four, Six, 
eight, and ten degrees. Additionally, two strips of meas- 


uring tape, graduated in miliimeters, were placed on the 
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kackwall from the Myiar bottom to the plexiglass top. T nee 
provided a means of determining the fluid depth for wedge 
angles other than those listed above. Additionally, the 
backwall contained a 0.75 in. diameter drain port which was 
used to drain the fluid from the enclosure upon completion 
of the experiment. A compass-rose (protractor head) and 
bkrass weight assembly was attached to the right sidewall 
near the apex. The compass-rose could be tread to one- 
twelfth of a degree. Unfortunately, the assembly proved to 
be less reiilablie than intended, thus it provided only rau 
estimates of the wedge angle. inside of the wedge enclo- 
sure, four cylindrical aluminum strength members were 
installed perpendicular to the long aluminum sidewails. 
They were egquaily sraced along the length of the sidewails 
and on a ten degree incline frem the apex frontwall tec the 
projector packwall. The starting point of the incline was 
placed 1.0 in. above the wedge apex so that at no time would 
the strength members make contact with the fluid wedge. fhe 
strength members were instailed to maintain the designed 
distance between the long sidewalls while under tension fron 
the stretched Mylaz. Previous work [Ref. 4] indicated tnat 
the tension in the Mylar caused the sidewalls to bend 
inward. The strength members served their purpose. 

A plexiglass top was selected to allow the depth of 
the fluid wedge to be observed and to allow the depth of the 
fluid wedge, Projectcr A, and Receiver A to be neasured. 
The tcp contained four access ofenings which were designated 
Ape) aCe The first three access openings were cut 
along the longitudinal centerline while access D was off- 
center at the projector end of the enclosure. Access A was 
designed to hold an 1C-10 hydrophone, Receiver A. This 
receiver's purpose will be discussed in subsection 4. 
Access B served as the main fluid inlet port and as the 


position for the projector during the final event of the 


ZZ 


experiment. Access C served aS the projector access for all 
events, except one. Access £ contained the air centrol 
valve used for pressurizing and decompressing the fluid 
wedge enclosure. Accesses E, C, andD were fitted with 
circular plexiglass cover plates that were grooved on the 
interior face. A rubber "O" ring was inserted in the 
groove. The cover plates were fitted with four to six 
screws, which held them in -postion while exerting pressure 
on the "O" ring to produce an airtight seal of the access. 
Access A and the cover plate for Access C contained similar 
brass fittings that fierced the plexiglass and iocked in 


position the shafts of Receiver A and Projector A respec- 


tively. The fittings corsisted of an exterior threaded 
coupling with a bored threaded nut. Inside of the nut were 
two tapered nyion bushings. The opening through the 


fittings was made airtight by tightening the nut down upon 
the coupling, forcing the nylon bushings to collapse around 
the inserted shaft. Use of flexible nylon bushings allowed 
the fittings to be adjusted repeatedly during the experiment 
Without fear of compromising the airtight integrity of the 
fluid wedge enclosure. When the- projector was shifted 
forward to Access B the two cover plates were simply inter- 
changed. This minimized the nugber of fittings reguired for 
the enclcsure. 

A thin Mylar membrane was selected to provide an 
acousticaliy transparent membrane between the Iliguids. 
Before the Mylar could be attached to the bottom of the 
enclosure, it was necessary to stretch it as tight and flat 
as possibie to minimize all surface irregularities and 
bowing. The stretching was acccmplished in a two-step oper- 
ation. First, the Mylar was stretched and taped down to the 
flat glass top of a mechanical drawing table. Ordinary 
masking tape didan excellent job in holding the mylar in 


place. Ninety-five percent of all the wrinkles in the Mylar 
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were eliminated during this step. The second step empiovyed 
a wooden Mylar stretcher mechanism which further stretched 
the Mylar jiongitudinailly and laterally by pulling handles 
connected to free moving arms that rode on the stretcher's 
Guiderails. Figure 3.5 is a photograph of the Mylar 
strecher. Royal Bond Grip, a water resistant glue that must 
be applied to both surfaces being bonded, was brushed on the 
bottom of the stretcher's perineter, the longitudinal and 
lateral arms, and onthe corresponding areas of tne Mylar. 
After allowing the Grip to dry for approximately 10 minutes, 
the stretcher was placed on the Mylar. Weights were placed 
on the arms and around the perimeter of the stretcher to 
provide additional pressure on critical areas. The Grif was 
allowed to cure for six hours. The Mylar was then ready to 
be stretchea by the arms. The kottom of the arms, which now 
were glued securely te the Mylar, were allowed to travel in 
their directions by sliding along the glass top of the table 
and guiderails of the stretcher. The weights were then 
removed from the arms which were subsequently pulled sepa- 
rately approximately 0.5 inches in each direction until the 
Mylar was fully stretched -and presented a "mirror-like" 
surface. To prevent slipping under the increased tension, 
the arms were locked into position with wing nuts) and the 
weights reapplied. The stretcher successfully stretched the 
Mylar approximately three inches further than achieved in 
step one. 

The bottom of the enclosure and a strip one inch 
wide around the aluminum sidewalls were sanded to provide a 
rough surface for the Grip which was subseguently applied to 
those areas. Before applying Grip to the desired area on 
the Mylar, a pattern ‘was made of the 367 in. by  ‘(Wommiae 
intericr bottom area of the enclosure. The pattern was then 
placed on the Mylar as a guide for applying the Grip on that 


surface. Once the Grip dried, the fluid wedge enclosure was 
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placed on the Mylar with particular care to ensure that the 
glued bottom of the enclosure matched-up with the glued 
rectangle on the Myiar. Additional weights were placed on 
the top of the enclosure and the Grip was allowed to cure 
for 24 hours. 

At the end of the curing period, the Mylar was cut 
approximately one inch from the enclosure with a razor 
blade. The enclosure was then lifted so tnat it rested on 
its front sidewall in a vertical orientation. With tae 
enclosure in this position, Grif was applied to the one inch 
of excess Mylar around the enclosure and to the previously 
sanded areas of the aluminum walls. After the Grip dried, 
the excess Mylar was pulled tightly and then glued to the 
walls or the enclosure. The excess Mylar provided an extra 
Maryin of safety in the event that the Mylar glued directly 
to the 0.5 in. border of the erclosure's bottom gave way as 
a result of the upward force of tne water, the weight of the 
tranducer fluid, or the enclosure's pressurization. 

Upon completion of the Mylar installation, two 
aluminum arms were attached to the enclosure which allowed 
the enclcsure to be suspended over the water tank. The 
short pivot arm was attached to the backwall (projector 
end). The arm was connected to a short length of angle iron 
taat fit over the interior lip cf the water tank. The angle 
iron had one set screw at each end that could be adjusted to 
level the enclosure. The long arm was attached to the 
frontwall (apex end) and extended to a horizontal tar 
assembly at the opposite end of the water tank. The desired 
wedge angles were achieved by raising the horizontal bar, 
thus lifting the long arm and forcing the fluid wedge enclo- 
sure to pivot on the short arm. The long arm also contained 
a receiver assembly which controlled the positioning of 
Receiver B, an LC-10 hydrophone, in the water tank beneath 


the apex of the fluid wedge. 
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3. Projector A 


The transmitter was reguired to have a narrow hori- 
zontal beam pattern, a broad vertical beam pattern, anda 
resonance freguency near 100 KHz. It became necessary to 
build a transducer, Projector A, for the experiment since 
humerous available transducers were found unacceptable. 
Figure 3.6 is an illustration cf Projector A. The projec- 
tor's active element was a solid block of a piezoelectric 
ceramic having the fcilowing dimensions: length - 3.4 cn; 
height - 1491 cm; and thickness) —iee vec: The projector 
houSing which heid the element was made from a solid piece 
of plexiglass. A 0.375 1n. hele was drilled in the tonmee 
the housing for iuserting the frojector's cooper shaft. A 
smaiier hole was bored from the interior backwall of the 
housing to the shaft hole which allowed the electrical leads 
access from the shaft to the element. Thin computer wire 
served as the electrical leads. Input and ground leads were 
drawn through the copper shaft and out the small hole bored 
in tne housing's interior backwall. The element was polar- 
ized in the thickness mode with the ground lead soldered to 
the front active face while the input lead was soldered to 
the cpposite face. At tne cther end, the leads were 
connected to a standard two-prenged electronic plug, which 
allowed rapid dismantling when the plug would not fit 
through auxiliary apparatus. The element was insulated on 
Live sides with 0.125 in. thick neoprene and then slipped 
into its postion in the housing. The element was held 


securely in place by a small lip that extended from each of 


two plexiglass side-caps which were screwed into the 
housing. The projector housing was then dipped in liyjuid 
“neoprene to seal it and allowed to dry foe 26h ours. A 10 


cm length of tape, graduated in millimeters, was placed on 


the shatt starting at the ccnfluence of the shaft and 
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housing and extending up the’ shaft. The preyector’s depth 
was then read from the tape. The projector's resonance 
Beecuency Was 88-2 KhZ with a strony harmonic at 161.5 khz. 
m@emeEaQyector's Shaft, 02-375 in- by 51 in., was made exces- 
sively long to facilitate measuring the vertical directivity 
pattern. The horizontal and vertical directivity patterns 


will Ee discussed in section III-B-3. 


4. Receivers and Receiver Assembly 


Two LC-~10 hydrophones were used as tne receivers 
throughout the experiment. AS mentioned earlier, Receiver A 
was located in Access A. It wonitored the quality of the 
Signal propagating in the fluic wedge and assisted in 
ensuring that the accustic axis of the projector was prop- 
erly aligned with the longitudinal centerline of the encilo- 
sure each time the projector was raised or lowered. 

Receiver B was located in the tap water and secured 
by an aluminum assembly which was comprised of a securing 
block, containing the receiver, a sliding block located on 
the iong arn, ' and arod which connected the blocks. 
Although the sliding block couid be moved along tke entire 
length of the long arm, it remained fixed at distance of 20 
cm from the fluid wedge enclosure. The rod was fixed in the 
securing block but was allowed to pass vertically through 
the sliding block by adjusting a thumb screw. Therefore, 
adjusting the trod raised cr lowered the receiver. 
Millimeter graduated tape was placed on the rod and frovided 
the means for measuring Receiver B's distance from the wedge 
apex. The initial position for Receiver B was in the water 
with its acoustic center directly beneath the apex of the 
fluid wedge in the vertical plane of the projector's 
acoustic axis. As the rod was lowered in the water, it 
remained parallel to the front sidewall while the recéiver 
remained perpendicular to the rcd and the frontwall. Figure 


3.7 shows Receiver B and the receiver assembly. 
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5. Electronic ylgu1 pment. et iup 


Figure 3.8 provides a block diagram of the eguipment 
set-up. Figure 2.9 is a photograph of the equipment. The 
projector was driven by a Hewlett-Packard 3314A Function 
Generator. The settings were as follows: freguency - 88.2 
KHZ; amplitude - 6.0 vs) and tone Dursee > eee cee The 
digital function generator consclidated the functions of an 
oscillator, tone burst generatcr, and frequency counter in 
one unit. All system outputs were monitored readily by 
readijnmg a digital display Its flexibility proved useful 
when the tone burst had to be adjusted to assist in identi- 
fying and measuring the correct signal. The output signal 
from Receiver B was first patched through an Ithaco 1201 Low 
Noise Preamplifier and then on to channel A of the Nicoiet 
Oscilloscope. The preamplifier settings were as follows: 
gain - 1k; highpass filter - 3k; and low pass filter - max. 
The preamplifier successfully suppressed 60 Hz noise and 
amplified the signal appropriately. The output signal fron 
Receiver A was passed through a 60 Hz filter which was 
inserted into a Hewlett-Packard 465A Amplifier set at 40 dB 
gain and then oon to channel B cf the Nicolet OScilloscofe. 
The Nicolet displayed simultanecusly both output signals and. 
allowed the presentations to be expanded and stopped. When 
required the output of the function generator was also nmoni- 
tored on the Nicolet. By aligning a horizontal cursor to 
the signal, the voltage amplitude was read from a digital 
read-out in the lower right hang corner of the display area. 
Time was obtained by adjusting a vertical cursor and reading 
a second digital read-out in the lower left hand ccrner of 
the display area. The Nicolet was synchronized externaily 


by the function generator. 
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The following additional equipment was used during 
various aspects of the experinert: 
a. Measuring the Speed of Sound: 
(1) Plastic rectangular tub 
(2) Aluminum stand assembly 
rE. Measuring the Densities of the Liuguids: 
(1) ASTM graduated cylinder 
(2) Analytical balance with weights 
c. Filling the Enclosure with Fiuid: 
(71) 1000 ml plastic pitcher 
(2) Plastic funnel with Tygon tubing 
Ge Measuring the Level of the Enclosure and 
Pressurizing the Enclosure 
(1) Plastic level 
(2) Portable hand pump 


C. PROCEDURE 


Prior to commencing the actual data measuring evenis, 
the speeds of sound and the densities of the transducer 
fluid and tap water were measured. This was done to verify 
that the speed of sound of the transducer fluid was indeed 
Slower than that of the tap water. Also, it was mandatory 
to calculate the speed of sound and density ratios as they 
were required variables 1 the computer model. 
Additionally, the horizontal and vertical fer-field direc- 
tivity patterns of Projector A were measured to verify the 


projector's usefulness for the experiment. 


1. Sound Speed Measurements 


= ie —e ee qe“ 


The speeds of sound of the two liguids were measured 
using identical eguipment set-ufs. A plastic tub measuring 


45 cm -by 30 cm by 25 cm was filled with the appropriate 
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liguid to 4 depthmiic arc Ome ci. Projector A and two LG=im 
hydrophones, Receivers A ard B, served as the transmitting 
and receiving units respectively. Two aluminum vertical 
stands with an aluminum bar clamped between them were fosi- 
tioned so that the plastic tub was set between the stands 
and directly beneath the bar. The two receivers were 
clamped to the bar with a distarce of 35.0 cm. between them 
and lowered into the liguid so that their acoustic centers 
were at a depth of 10 cn. The projector was clamped to the 
bar and placed 10 cm. ahead of Receiver A, lowered into the 
1G aed and aligned acoustically with the receivers. 
Therefore, the order from ieft to right in the tub was 
Projector A, Receiver A, then Receiver B. The projectcr was 
driven by the Hewlett-Packard 3314A Function Generator and 
transmitted a pulsed 100 kHz Signai. The output leads of 
the receivers were patched tc 60 Hz filters which were 
connected to Hewlett-Packard 465A Amplifiers set at 20 dB. 
The output of the amplifiers was fed into the approrriate 
channel of the- Nicolet Oscillosco;ge. 

The time for the signal to transit from Receiver A 
to Receiver B was measured. The speed of sound was then 
calculated by dividing the distance between the receivers Dy 
the measured time delay. The speeds of sound of the trans- 
ducer fluid and the tap water were 1377.07 m/s and 1509.14 


m/S respectively. 


The densities of the liquids were measured by 
initially weighing an empty ASTM 100 gl graduated cylinder 
oh an analytical balance which was accurate to one-tenth ng. 
The cylinder was then filled with 100 ml of the liguid to be 
measured and tnen weighed on the analytical balance. The 
weight of the liguid was found by subtracting the weight of 
the empty cylinder from the weight of the full cylinder. 
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The density was derived by aultiplying the weignt of the 
Jiguid in grams by 1006 and then dividing the product by the 
100 ml volume to obtain the density in kg/m. The calculated 
densities were 975.0 kg/m and 992.0 kg/m for the the trans- 


ducer fluid and tap water respectively. 
3. Directivity and Beamwidt 


The projectcr's far-field horizontal directivity 
pattern had to be narrow enough to ensure that minimal sound 
energy was reflected off the aluminum sidewalls while its 
far-field vertical directivity fattern nad to be wide enough 
to ensure neariy ccmplete ensonification of the fluid 
Surface and the Mylar membrane. Tne experimentally obtained 
directivity patterns compared favorably with theoretical 
expectations. Figures 3.10 and 3.11 iliustrate the compar- 
ison between experimental and theoretical results for the 
horizontal and vertical far-field directivity patterns 
respectively. Figures 3.12 and 3.13 depict the directivity 
patterns within the enclosure £OrE the horizontal and 
vertical patterns respectively. 

Bite etNcoEretwedtl  direciiyity for a cectangular piston 
is: [Ref. 6] 


H(6,$) = Sin(1/2 KL, siné@) Si 7 KL sing) (egn 3.1) 


(72a, si ng) i772 KL, sing) 

Where: 

Pa mvotrZOontadl GiImensicnsot the active face 

in = vertical dimension of the active face 

K = w/c = Wave number 

6 = horizontal angle measured from a major radiation 
axis 

@ = vertical angle measured from a major radiaton 
axis 
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In this case when the aorizontal directivity ais 
desired, is set to zero. Conversely, when the 
vertical directivity is desired, 9 is set to zero. 
The horizontal directivity was measured in the fluid 
wedge enclosure. The enclosure was placed level (zero 
elevation angle) and filled with transducer fluid tc a depth 
Of MeO em: Receiver A was placed in Access A and lowered 
into the fluid so that its acoustic center was at 4 cn. 
below the fluid surface. The receiver output lead was 
connected to the Y-input of an X-Y plotter, a voltmeter, and 
channel B of the Nicclet oscillcscope. Projector A‘s shaft 
waS placed through an electrical-mechanicai device which 
when operated rotated the projector through 360 degrees. 
The device with the projector installed was then placed on 
the top of the fluid wedge enclosure over the Access C 
opening and the projector was lowered into the fluid so that 
its acoustic axis was 4 cm below the surface and acousti- 
cally aligned with Receiver A. The output lead of the 
rotating device was connected to the X-input of the X-Y 
plotter. The output of the X-Y plotter produced a hori- 
ZOD tas LECCE Gavan yas 

AS a matter of convenience, the vertical directivity 
waS measured in the water tank with tap water as the mediun. 
Again, Projector A and Receiver A were utilized as the 
transmitting and receiving units respectively. As indicated 
from equation 3-1, maintaining the same wavelength produces 
an identicai directivity pattern. A frequency of 96.6 kHz 
in water with a speed of sound of 1509.14 m/s produced the 
same wavelength as a freguency of 88.2 kHz in transducer 
fluid with a speed of sound of 1377.07 a/s. ; 

The equation for determining the beamwidth of the 
main lobe of the horizontal or vertical far-fieid direc 


tivity function is as follows: [Ref. 9] 


a7 


AG) of AG = 2 Sin( mec / £ L ) (eam ais 2) 


where: 

48 = horizontal beamwidth 

4d = vertical beamwidth 

c = speed of sound of the nediun 

= ¢freguency of the prcjector 

L = the horizontal or vertical dimension of the 
piston 

xX = Factor derived for the desired main lobe 
decibel (dB) down pcint. (AS an example 
BOE — omen, < — eG 5 -mtOr ~badB, XxX = .603: 
ama cote—-i¢0 dB {nudil), x = 1) 

Table I tabulates the results c£ the predicted and experi- 


mental beamwidths. 


TABLE 1 


Beamwidth Comparisons 


enmeeieset i a Go =n | 


ds Down Horizontal Beanwidth Vertical Beamwidth 
Point Theory Experimental Theory Experimental 
= ao Sie 42.42 Oa 
ae Wee 7 11.6 oe 00 60.0 
Samii O 21.40 202.0 1092752 78.0 
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The inner boundary of the far-field of the projector 
waS obtained from the following equation: [Ref. 9] 


R= WE ((L/2)2+ (L,/2)2} (eqn 3.3) 
C 

where: 

L = Horizontal dimensicn of the active face 


J 


tea Vertical dimension of the active face 
c = Speed of sound of the medium 
f = Frequency of the prcjector 


For Projector A, R equals 37.34 cm. 


4. Fluid-Wedge Angle Measurements 


It was originally intended to measure the fluid- 
wedge angle by reading the ccmpass-rose attached to the 
Sidewall of the wedge enclosure. The compass-rose readings 
proved tco inconsistent to be used alone for obtaining the 
wedge angle. However, it did provide useful estimates of 
the wedge angle during the time that the enclosure was being 
prepared for each measuring event. As a result, the etched 
ijines on the backwall of the enclosure in conjuction with 
the graduated measuring tape cn the backwall were relied 
upon to furnish accurate fluid depth readings. The apex 
Measurement was strictly a wvwisual determination as to 
whether cr not the fluid made contact with the mwost forward 
part of the Mylar at the interior side of the frontwall. 
Before each measurement the Myiar surface was inspected to 


ensure that no wrinkles or bowing was present. 


se easurements of the Pressure Profile Beneath the 


Each measuring event fcllowed a standard procedure 
for setting the fluid wedge angle and the depths of the 
projector and receivers. 

The horizontal bar, that supported the long arm of 
the enclosure, was raised and clamped into position. The 
compass-rose was checked to verify that the enclosure had 
been elevated to form the desired fluid wedge within the 
enclosure. If not, the horizcntal bar was adjusted until 
the wedge angle was reached. The level of the enclosure was 


checked using a plastic level mounted on the top or the 
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enclosure. When reguired, the set screws on the angle iron 
of the pivot arm were adjusted so that the enclosure was 
level in relationshif to the water surface in the tank. Tap 
water was then added to the tark until the water just made 
contact with the Mylar at the interior edge of the enclo- 
sure's frontwall. Because of the density difference between 
the fluids, the addition of the water caused the Mylar to 
wrinkle and bow inward unless a compensating guantity of 
fluid was added to the enclosure. 

Transducer fluid was poured slowly into the encio- 
sure using a plastic 1000 ml pitcher in combination with a 
clastic funnel which had a short length of Tygon tubing 
attached to its outlet. The funnel was placed in Access 8B 
(fluid inlet port) with the tubing set along the sidewall 
submerged in the fluid. This procedure minimized the intro- 
duction of air bubbles into the fluid. Transducer fluid was 
added until the leading edge of the fluid wedge, advancing 
up the incline, reached the afex position at the frontwail 
and the fluid level at the kackwall reached the proper 
depth. The iiguid levels and wedge angle were adjusted as 
necessary until achieving the desired wedge angle and a flat 
"mircor-like" Mylar surface. 

Receiver A was lowered into the fluid untii its 
acoustic axiS was midway between the Mylar and fluid 
surface. Receiver B was positioned in the tap water with 
the acoustic center directly beneath the apex of tne fluid 
weage on the center line of the frontwall. Projector A was 
positioned in the fluid wedge with its acoustic axis ata 
aqepth equal to either one-half or one-quarter the wedge 
angle. (Readings were taken with the projector at both 
depths.) While the outputs cf the receivers were being 
monitored, the projector was aligned so that its acoustic 
axis coincided with the longitudinal centerline of the 


enclosure, and tnen lccked in pcsition. Receiver A was then 


retracted from the fluid to eliminate possihle interference 
or reflections caused by its presence. 

Voltage amplitude readings were then ready to be 
taken and recorded. Figure 3.393 provides a block diagram of 
the equifment set-up. Receiver B was lowered in the tap 
water directly beneath the apex in the vertical plane of the 
projector's acoustic axis until the maximum voltage ampli- 
tude was located and recorded. The receiver was then 
returned to the start point where the initial readings fee 
the measuring event were taken. As Receiver B was lowered 
in the water, depth and voltage data were taken in 0.5 cn 
increments until a depth was reached which corresponded to a 
nondimensional depth (Z/X) of approximately 3.0. The number 
of data points required ranged from a high of 74 for a two 
degree wedge angle to a minimun of 32 for a ten degree wedge 
angle. 

Measurements taken at fcur, six, and eight degrees 
were taken with the enclosure pressurized as well. The 
procedure was the same as described above except that a 
small amount of fluid (approximately 0.1 cm according to the 
backwall tape) was added to the enclosure to compensate for 
the downward force which subsequently would be exerted upon 
the fluid by pressurizing the enclosure. The enclosure was 
made airtight by sealing all access ports securely and 
tightening the fittings that held the shafts of Projector A 
and kKeceiver A. Once aweti ght, the air hand pump was 
attached to the air ccntrol valve and the enclosure fressur- 
EZeG- Pressure was admitted until the leading edge of the 
fluid receded from the frontwall of the enclosure and the 
fluid level dropped below the desired depth. The pump was 
then disconnected and air was [led from the enclosure until 
the leading edge of the fluid just touched the frontwall and 
the depth of the fluid was at the desired level. Again, the 


surface of the Mylar was inspected to ensure that it was 
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Peed icin Daa On uicCmGEl Tt Crence iain densities was 17 


kg/m, thus minimal pressure, approximately 0.04 ounces per 


square inch, was reguired to egualize tne forces on the 
Mylar membrane. When the projector had to be repositioned 
for the second reading of an event, the enclosure was 


repressurized and the wedge stakilized as before. 

Data were taken from the Nicolet oscilloscope by 
visual integration. Generally, reflections were well sepa- 
rated from the signal. HOWEVEL, when reflections did 
overlap the signal, the surface of the.water was agitated, 
thus revealing the reflected signal. When Receiver Bf was 
approaching a minimum in the pressure profile, the signal 
became guite distorted which degraded the ability to visu- 
aliy integrate the signal. Conversely, during periods when 
PaCmotpeeeiGdom¥dseitereasing OF at a Maximum Ehe signal was 
well formed and produced acceptabie data. During the final 
measuring event, the frojector was moved forward to Access B 
to determine whether or not projector location affected the 
pressure profile. The signal received during that event was 
Superior to all Other signals cbtained in previous events. 
Regardless of the pressure profile, the signal was sharp and 
exceptiorally well formed and posed no visual integration 


difficulties. 
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SCALE 1/10 


Figure 3.2 Water Tank (side view) 
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Figure 3.7 Receiver B ana Asseuvly 


44 





dAVAUd 
ASION MOT 
lOcl OOVHLIT 


T+ 


LNANdINOE DINOULTA 40 NVEDVIG HOO1E 8'© AND 


YP OF+ 


qd # 
AdODSOTIDSO 


La TOOIN 





Yo Id NV 
VGOF dH 


see eee tweeeea te we wee Bee @ @ OO ee © ee ee = 






¥V YOLOdPOd 


Yo 
ZH O09 


YOLVYANHOD NOLLON Na 
VPICe dH 


45 


‘* 
> 
« 
‘we 


raed. 





46 


| ALIALLOGHIG TYLNOZIMOH ..Y.. NOLIGONd Oe aNd | 


06 08 OL 09 09 OY 





FH Ooocss ‘AONaNaHd 
(QD [61 X UD 9g) 


OL 





(SHAYDAG) TIONV Wvdd 


02 


OT 


0 





Ol- O2- OC- OF- OS- O9- O2- 





WV WV GAZTIVNYON 


08- O8- 


» 
@ 
**eeaaae 


00 


2 QO 


C0 


vO 


“GO 


90 


£0 


80 


60 


OT 





a 


ACALITd NY WVGd GAZTIVNYON (0°6)H 


47 


MUALLOGUI TWOLLYHGA .V¥,, YOLodrodd =e qwNoLd 


(SAUNA) TIONV WVAG 
06 0g 04 Ov O09 OY og OZ OT 0 Oft- O2- Ob- OF- OS- O9- X- O8- dB6- 


- 00 
a 7. \ “, 
if ® 
De = 7 5 hi 


0 
\ | ; 0 
. ‘ 
+0 
\ f 
‘ : SO 


90 


WD OFT = \ . : 
TH O'69096 “AONaNOGUA a i ae 
(GX 161 X UD Hg) " - § 
NOLSId LOGY ‘YOLIdrOud 80 
a 


60 





OT 





Vad GHZTIVNYON 


48 


qCALTIdNVY NVAd GaZIIVWYON (4'0)H 


GLUE LIF 
AUNTS 













H(9,0) HORIZONTAL DIRECTI\ 








H(0.¢g) VERTICAL DIR 





IV. RESULTS 


The results of the experiment are best presented in four 
phases, which relate to the objectives listed in the 
Introduction. Phase I will compare the experimental resuits 
of a nonpressurized enclosure tc the theoretically predicted 
results. Phase II will compare pressurized results to theo- 
retical and nonpressurized results for similar acoustical 
and geometrical parameters. Phase III presents comparison 
of the depths of maximum pressure as functions of wedge 
angle fcr nonpressurized and theoretical data for two 
projector elevation angles. Phase IV will discuss the data 
obtained when the prcejector was repositioned closer to the 
apex. For Phases I, II, and iv, the figures display the 
normalized pressure amplitude as a function of nondinen- 
sional depth, zZ/X, where z is the depth of Receiver B below 
the apex and X is the dump distance. HT en Ui ae 
trating Phase IV plot the nondimensional depth of the first 
Maximum pressure as a function of wedge angle for each of 
the two projector elevation angles. Peaadi tiomecro 21denti— 
fying the curves being compared, the figures list the appro- 


priate acoustical and geometrical parameters. 


A. PHASE I - EXPERIMENTAL ASPLITUDES VERSUS THEORETICAL 
PREDICTIONS 


Figures 4.1 through 4.9 comfare measured and theoretical 
pressure amplitudes as a function of depth for five wedge 
angles (BB): 2.22, 4.12, 6.0, 8.0, and 10.0 degrees. Each 
plot represents one wedye angle and one of two projector 
elevation angles ({ yx), either one-half or one-guarter the 


wedge angle. With the exception of the 2.22 degree wedge 


=m 


angle, ail wedge angles were flotted twice. The vertical 
dimension of the projector's active face prevented its 
acoustic center from Eteing lower than 1.03 degrees from the 
Mylar membrane, thus the projector could not be lowered to 
the one-quarter elevation angle of the first wedge angle. 

Figure 4.1 (8 = 2.22, f = 1.11) (indicates a nost 
favorable comparison. The depth at which the maximum fpres- 
sure occurs coincides while the remainder of the profile 
parallels the predictions with only a slight off-set. The 
data indicates a larger second maximum than expected, but 
the third maximum is of the same amplitude as predicted, 
although observed slightly farther from the apex. The two 
Minima, immediately following the maximum pressure, occur at 
the predicted depth, but at Greater amplitudes. 

Figure 4.2 (B= 4.12, 8 = 2.06 ) shows agreement for the 
depth of maximum pressure and subsequent first pinimun. 
Additionally, agreement is found in the depth region from 
1.6 to 2.8, though displaced slightly. On first glance, the 
center region, 0.6 to 1.6, appears to show no correlation 
with theory and too much structure. However, closer inspec- 
tion reveals that if the peaks of the three Maxima in this 
region were connected and all points leading tc and 
departing from the minima were disregarded the resulting 
curve would parallel the contcur of the predicted curve. 
Clearly, phase interference was responsible for the observed 
structure in the region as the minima were distinguishable 
points on the oscilloscope. This would indicate thaw 
perharcs, the interference was caused by some undetected 
physical aspect of the experimental facility. 

Figure 4.3 (@ = 4.12,%= 1.03 ) is an excelient example 
of the predicted profile peakirg at a pressure maximum and 
then experiencing a succession of minima and maxima. The 
measured maximum pressure coincides with theory, while the 


remaining profile mirrors the successive minima and maxima. 
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In each instance the paxima were of less amplitude, but the 
Similarity of the profiles is otvious. 

Figure 4.4 (f8 = 6.0, % = 3.0) indicates the experi- 
mental data in the central region, 1.0 to 1.75, compares 
favorably with theory while in the shailower and deeper 
depths the profile is similar, but shifted in opposite 
G@rections. The depth of maximum pressure pilots signifi- 
cantiy deeper than predicted. 

mreure Goo (fp = 6.0, x = “155 j presents exceilent 
correlation with theory. The pressure maxima and mtinima are 
of similar amplitude and tne experimental curve has only 
Minor lateral displacement. 

Figure 4.6 (68 = 8.0, % = 4.0) reveals the first true 
indicaticn of a possikle breakdcwn in the theory. There is 
a vague similarity between the curves in the upper half of 
the profile (left haif of the figure). The lower half of 
the profile (right haif of the figure) produces no apparent 
correlation between curves. Unlike tae predicted curve, the 
Measured profile experiences a rapid succession of minima 
and maxima. | | 

migmeemi.a7 ( 6 = 050, 8% = 220°) depicts better correla- 
tion between curves. The maximum pressure is closer to the 
predicted depth. Although the latter half of the figure 
provides minimal correlation, at more shallow depths the 
profile has much more structure than expected. 

At this juncture an assessment of the previous data was 
in order. A thorough inspecticn of the physical apparatus 
waS conducted to determine if the equipment had _ been 
correctly positioned. Initialiy it was thought that the 
rubber cones, set in the bottom of the tank, were cauSing an 
_ interference pattern so they were removed. Additionally, 
the Frojector's active face and the bottom of the nylar 
membrane (water side) were brushed off to remove any bukbles 


which might have formed on their surfaces, although none 


BS 


were visible. Ali indicatiors were that the geometrical 
parameters and equipment were set properly. Nevertheiess, 
fluid was extracted from the enclosure and the wedge anyle 
process repeated in preparation for retaking the eight 
degree wedge angle data. Unfcrtunately, the results were 
Similar to those obtained previcusly. 

Because of obtaining relatively poor correlation at 
wedge angles from eight to nine degrees, the prospects of 
the theory being applicable at such large angles appeared 
bleak. Yet, aS,indicated in PigWie 46a yi Ss = See 
), the measured data providea one of the best correlations 
Of the experiment. At shallow depths the data mirrored the 
predicted curve while at other deptns it paralleled the 
predictions nicely. 

Figure 4.9 (8B = 10.0, ¥' = 2.5 )wreweals little avpamms 
correlation, although at the shallow end of the figure the 
experimental curve proceeds alcng a route similar to the 
predicted curve, but at much reduced amplitude. At the 
predicted depth of maximum pressure, the experimental data 
plunges to its minimum value, but is immediately foilowed by 
a curve rising rapidly to its maximun. Once again 
inspecting the measured curve from an optimistic vantage 
point, had the minimum not been as severe the experimental 
results would have likely paralleled the contour of the 
predicted curve for almost the entire nondimensional depth, 


albeit at a much reduced amplitude. 


Be PHASE If - COMPARISON OF PRESSURIZED AND NONPRESSURIZED 
RESULTS 


The enciosure was pressurized and data measurements for 
two projector depths at each wedge angle were taken. 
Projector angles were as follows: 2-06 and 1.03, .3s0,9ane 


1.5, and 4.0 and 2.5 degrees at wedge angles of 4.12, 6.0, 
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and 8.0 degrees respectively. Figure 4.10 through 4.15 
provide individual comparisons between experimental data 
under pressure and theoretical predictions. Figures 4.16 
through 4.22 compare pressurized and nonpressurized experi- 
mental data. 

Figure 4.10 (Bp —Heteees = 2.06 ) shows that experi- 
Mental data correlates well with the maximum pressure, 
however, the remaining profile only vaguely resembles the 
predicted curve. Again, if a line were drawn to connect the 
peaks of the three maxima immediately following the maxinun 
pressure, a case could be made for an exceptional agreement 
between the two pressure profiles, except at a depth of 2.5 
where the curves diverge. 

Figure 4.11 (B= 4.12, 8 = 1.03) reveals excellent 
correlation with the depth of maximum pressure. Subsequent 
Minima and maxima are present but at Significantly lower 
amplitudes than predicted. After a depth of 1.15 the exper- 
imental curve ceases to resemble the predicted curve. 

Figure 4.12 (8 =6.0, 8 = 3.0 ) indicates that the data 
parallels the predictions, particularly in the latter half 
of the figure. The Maximum pressure is in the vicinity of 
that predicted, however, much greater detailed structure 
preceeds and follows the experimental maximum pressure. 

Figure 4.13 ($B = 6.0, ¥ = 1.5) provides good correla- 
tion ketween theory and experimental data, especially in the 
depth region, 0.5 to 1.7, which includes the maximum pres- 
suce depth. The region of 1.7 to 2.5 resembles theory but 
the alignment is skewed towards shallower depths. 

Figure 4.14 (B = 8.0, ¥ = 4.0 ) shows a vague resemb- 
dance to theory in the shallow half of the figure. The 
depth of the maximum pressure occurs at 1.25 near the posi- 
tion where theory predicts the location of the second pres- 
sure maximum. A maximum does ccincide with the depth of the 


predicted maximum pressure, however, it is only 56 percent 
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Ofwthe amplitude Of i1tsepcounteesarce Data recorded from 
greater depths bore ne resemblance to theory. 

Figure 4.15 {$8 = 8.0, ¥ = 2.0 ) shows general agreement 
between the two curves, but the measured data demonstrated 
more structure, particularly in the regions on either side 
or the maximum pressure. The maximum pressure depth is in 
agreement with theory. 

Generally, pressurized and nonpressurized data were in 
agreement with one another as was expected and can be viewed 
in Figures 4.16 through 4.21. However, it was anticipated 
that the pressurized data would correlate better with the 
theoretical predictions, but this did not prove to be the 
case. A possible reason for this is that no precise meas-— 
urement cf the pressure could tke made with the experimental 
Paci ay It was thought that visual determinations of the 
pressure would be adequate in view of the minute pressure 
required. It is possible that the enclosure may have been 
overpressurized. Thus, the Mylar would tend to bow into the 
water disrupting the geometry cf the fluid wedge. It was 
noted that when the enclosure was purposely overpressurized 


the observed voltage amplitude decreased. 


C. PHASE Ift — DEPTH OF FIRST MAXINOUM PRESSURE VERSUS WEDGE 
ANGLE 


Figures 4.22 and 4.23 present graphical summaries of the 
comparison between theory and nonpressurized data depicting 
depths of the first maximum pressure as a function of wedge 
angle. Figure 4.22 is for the projector angle elevation at 
one-half the wedge angle. As can be seen from the figure, 
theory predicts a rather flat curve which oscillates between 
hondimensional depths of 0.27 tc 0.4. The measured results 
provide favorable agreement throuyh the range of wedge 


angles. 
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Preire ss 2S iaeecnescilmany ©Or the projector elevation 


angle at one guarter the wedge angle. The predicted curve 
fmmagenecragly clat with ap increasing slope. One small 
Maximum is located at a hnondimensional depth of 0.63. The 


experimentai data increases in slope as the wedge angle 
increases. The slope is greater than predicted and the 
appearance of the curve indicates greater fluctuations. 
Despite these facts, the experimental data is considered in 


agreement with theory. 


Dee haow 1V = £MPACT OF PROJECTOR LOCATION ON THE PRESSURE 
PROFILE 


Figure 4.24 {88 = ion oe oe Oye showsethe experimental 
results when the projector was relocated from Access C to 
Access B. The new location placed the projectcr at a 
distance 57.0 cm from the wedge apex but still in the far- 
field. As indicated, the curves do not correlate, except 
that the maximum pressure depths are in the vicinity of one 
another. Differences in the curves are not surprising since 
the computer model was designed for sources at infinite 
distance and small wedge angles. This particular data event 
is a worst case scenario as the projector is closer to the 
apex, thus the far-field boundary, and has a large wedge 
angle of ten degrees. The abcve not withstanding, relo- 
cating the vrojector closer to the apex reduces the number 
Seeaump points. A reduction cf dump points equates toa 
reduction in the number of beams transferred into the subs- 
trate to interact and cause phase interferences. The 
Signals received during the data event were exceptionally 
well formed throughout.the entire nondimensional depth. The 


generally smooth curve in Figure 4.24 attests to that fact. 
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V. CONCLUSIONS 

The experimental data confirms that the pressure profile 
beneath the apex of a fluid wedge overlying a fast bottom is 
a highly structured sound field. In general, the profile 
presents a first maximum ( usually the maxium pressure 
amplitude) at a relatively Shallow depth and then experi- 
ences a succeSSion of Minima and maxima. In a significant 
number of instances the depth at which the maximum fressure 
occurred matched the fredicted depth. The remainder of the 
profile was usually displaced toward deeper depths with 
their maxima rarely achieving the pressure amplitudes 
predicted. On the other hand, the minima occurred consis- 
tently at the same depth and amplitude as predicted. 
Although wedge angles of 4.12 and 8.0 degrees exhibited 
several eratic phase interference patterns in the region of 
the second maximum, the overail Similarities between the 
experimental and predicted curves is unmistakable. 

The depth at which the Maximum pressure occurred 
remained relatively constant throughout the wedye angles 
from two to ten degrees when the projector elevation angle 
was set at one-half the wedge angle. When the projectcr was 
repositioned to an elevation angle of one-quarter the wedge 
angle, the data demonstrated that the depth of maximum pres- 
Sure increased steadily as the wedge angle increased. Thus, 
for both projector elevation positions experimental and 
theoretical predicticns were in agreement. 

ANMalysis of the results tretween the pressurized and 
nonpressurized conditions reveals that the data is in agree- 
ment with each other but, that the data obtained during 


nonpressurized conditions were the preferred data when 


82 


compared against theory. ties eccuclusion Was not antici- 
pated. The difference in the densities of the fluids 
demanded that a downward force was reguired to counteract 
the superior hydrostatic force acting upward on the Mylar 
membrane. The only rlausible explanation is that the enclo- 
sure must have been overpressurized, thus altering the 
geometrical parameters, wedge angle and projector elevation 
angle. The data shows an imprevement between the curves of 
the two conditions as wedge angle increased. This improve- 
ment is attributed to the proficiency in technigues required 
to set the proper gecmetric parameters, rather than indi- 
cating that agreement was obtained at a particular angle or 
to the overall increasing of the wedge angle. 


Particularly interesting are the results obtained in the 


eight degree angle. Both pressurized and nonpressurized 
conditions are in agreement. Yet, they demonstrate several 
distinct differences with the predicted profile. Beles Sateen t 


the predicted depth cf the pressure maximum, experimental 
data indicates that a maximum exists, but the pressure 
amplitude is 30 to 45 percent below the prediction. 
Secondly, the data indicates that the depth of maximum pres- 
sure occurs at the depth of the second largest maximum. The 
maximum pressure is 15 percent greater than predicted at 
Baer aepth location. Clearly, experimental error coulda be 
the culprit, however, four accepted data events and several 
additional measurements were conducted and ail confirmed the 
measured results. This implies that additional interference 
mechanisms are at work at this wedge angle. Although 
profiles for the angles between 8.0 and 10.0 degrees were 
not investigated thoroughly, indications suggest that 
Similar problems exist. 

The relocation of the projector to a position closer to 
the apex affected the pressure profile. The measured data 


does not resemble the predicted curve except that the depths 


oa 


of maxinun pressure do occur near one another in the shallow 
depth region. This is not surprising in that less energy is 
allowed to transfer to the sulkstrate, thus reducing the 
potential interference caused by the individual beams of 
sound. 


A final note regarding the pressure field beneath the 


apex 1S required. As Receiver B was lowered in the water, 
its acoustic center would cccaSionally swing off the. 
vertical plane of the projector's acoustic axis. It was 


observed that at depths of pressure maxima the pressure 
observed on either side of tne vertical plane was less than, 
but near the value of the maximun. However, at depths were 
a Minimum was observed the surrcunding region indicated very 
much higher amplitudes. Rarely did a mininun occur on the 
entire horizontal piane, while on several occasions it did 
not matter if the receiver was perfectly aligned on the 
vertical plan of the acoustical axis because the entire 


horizontal plane was at the Same maximum amplitude. 
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VI. RECOMMENDATIONS 


The following reconmendaticns are provided to improve 


the equipment facility and thus, MP roOwung pone t Te  preci— 


Sion and accuracy of the experizent: 


A. 


e. 


A mechanical device is needed which would lower the 
receiver in the water while maintaining its alignment 
in the vertical plane of the projector's acoustic 
axis. The number of data points required to complete 
a data event was a function or wedge angle and ranged 
PEeOim Het Ou 32 coints. The time to make those meas- 
urements was from 4 to 7 hours, but more importantly 
it reguired continuous blocks of time when the paran- 
eters and electronic equipment were stable. Manually 
lowering the receiver creates depth and alignment 
errors while reducing valuable time which should be 
reserved for trollow-up readings to verify the data. 
Although visual integration was a viable way to 
measure the data, an HP 85 computer with the inter- 
face to tap into the Nicolet oscilloscope would 
provide rapid data collection and assessment while 
making Significant gains in accuracy. The addition 
of computerized data taking Should be made in 
conjunction with the mechanical device reccamended 


akove. 


The Mylar membrane has prcven on a number occasions 


that it possesses the tensile strength to Separate 
PLemerauTdse and Not rupture. In order to reduce 
bottem reflections the enclosure should be suspended 
over a large anechoic water tank instead of the 


woocen tank. 


ey 


Pressurizing the enclosure is still believed to Ee 
the most viable method cf ensuring that the forces 
acting on the membrane are equalized. Therefore, a 
manometer should be instailed to accurately control 
the pressure within the enclosure. 

The computer model Should be revised to account for a 
source at a finite distance and to accept the correct 
aAbSOrPeLON Breer. A value of 0.001 was used for the 
predicted data, however the correct value was 
0.0000005. Additionally, it would be most convenient 
if the program allowed an entire range of variables 
to be accepted at one time. Presently only one set 
of parameters are accepted, thus requiring excessive 
amounts of time to retrieve predicted results for an 


entire range of wedge angles, one angle at a time. 


86 


Poor REbeEneNCES 


Geepens, As B., ee ee Mieweeand sanders Use vs, 
"Propagation of Sound out of a Fluid Wedge into an 
Underlying Fiuid Substrate of Greater Sound Speed," 


PtemvOuUetawen Ene Acoustical Society of America, v. 76, 


Poe. o-l1465,eNevember 1934. #  — 
Edwards, J. N., dJr-, A Preliminary Investigation of 
Acoustic Energy Transmission From a Tapered Fiuid 
Layer into a Fast Sotton, Mey Thesis Naval 
Postgraduate School, Monterey, California, 976. 
Netzorg, G.-,| B., Sound Transmission from a Tapered 
Fluid Layer into a Fast Eottom, M.S. Thesis Naval 
Postgraduate Schooi, Monterey, California, 1977. 
Kawamura, Me. and tToannou, ey Pressure on the 
interface Between a Converging Fluid Wedge and a Fast 
mtd eEOuLOnlmyias- es thesis, Naval Postgraduate School, 
Monterey, Gaoeternia: 1978. 
Naval Postgraduate Semocimo(—7/9-9002, Two Computer 
Programs for the Evaluation of the Acoustic Pressure 
Amplitude and Phase at the Bottom of a Wedge-Shaped, 
Filuad Layer Overlying a Fast Fluid Half Space, “by Ai. 
ecember T978. 


Be Coppens and others, D 


ote elem Hagueribey, 8A. kR., Coppens A. B., and 
Sanders J. V., Fundamentals in Acoustics, Wiley, 1982. 


Re SS sae ae ee eee oS eS EP SS a Se SS eee 


lacpnerson,~mo. D>, and Daintaith, M. J., “Practical 
Model of the Shaliow-Water Acoustic Propagation," The 
Journal of the Acoustical Society of America, v. QT, 
Eee mooU=oo4, 1 S66. 


Back, C. K., Ihe Acoustic Pressure in a Wedge~Shaped 
Seeman, cyeriying 2 ,tast Fluid Bottom,  d.S. 
Thesis, . Naval ostgraduate School, Monterey, 
Sirona, 19 Ou. 

Zionek,L., Lecture nctes Crom Sonar Systems 
Engineerin course, Naval Postgraduate School, 
Monterey, Ly 


87 


BIBLIOGBAPHY 


COppens, A= Bay Oucamiae ee 


ter Acoustics class, Naval 
Pos graduate School, Monterey, GQ. 


wa 
he 


88 


NPA soe EUEEON LIST 


No. Copies 


Defense Technical Information Center 2 
Cameron Station _.§. 
Alexandria, Virginia 22314 


Likrary, Code 0142 Z 
Naval ee ee ees} 
Monterey, California 93943 


Superintendent Z 
DtiheDire Ao Be COppens, Ccde 61CZ 

Naval Postgraduate School |. 

Monterey, California $394: 


Superintendent 5 
ATTN: Dr. J. V. Sanders, Ccde 61Sd 

Naval Postgraduate School 

Monterey, California 93943 


Chief of Naval Research . 1 
Peeve nacl MekKissick 

Suc Ne CuliIncy St. - 

herregton, YilrgGinid 22217 


Chief of Naval Research 1 
ATTN: Dr. Raymond Fitzgerald 

Sven OUINCY St. . 

Persnagton, Virginia 22217 


Eugene W. Brown 
NAYCCEANO Code 7300 


Payer oteebOuls, Massouri: 39522 


Commanding Officer 1 
ATTN: Dr. James Andrews A 

fava Ocean Research and Development Activity 

Bay Seabours, Missouri 39522 


PeMrneweeka Hedrick, U.S.N. 1 


pam Cebino Court  . z 
Virginia Beach, Virginia z3464 


89 




















Thesis 

H4183 Hedrick 

eed An experimental 
ShUChue st hee phessure 
in a fast bottom be- 
neath the apex of an 
overlying fluid wedge. 





ry 
a) 
dl a 
7 
sd = 
' = a - 
S = ~ 
. = Ld w= ad o 
= Po a aS 7 a = : = - Bae 
. s 4 = - - = . . ™ D = 6 ; Po 
ed ia ny . . = bad os - P a 
ba a « « S e 
= oom _ - . 
ad = = - 
-* ea = “ ‘ i = , - « « = - = e = Ps a ae ° bal 
) a ‘ . = ] m Pad = = 
Pee ad ' = 3 C Ld = c= = = ” eta: hd Pal a = 
“ . _ a = a ad « = ry a J = » a = = = a re a 4 
a a co. oe rd - ead = am bs 
Fe os ~ aia »- . ss 5 : : 5 7 - : : . : : “= -- we 
m= a bs = e - «© ea bale a “ 
. = - a cy = - CT = = 
a Tie = « F n = Ps = = = Pe pa Fmd wes - Py - ae Br 
a a ~ - “ el - . ° S Pe it Ps a 
“ le = -_ 4 a = 5 - 7 ‘i f a - = S Pas ae ee lie hacia = a a 
S ne it a a) we be 7 be a - ~ =» @ = = a ae be - eo! a 
avy hid im ° a . = - Sy be . 2 7% bd a od E res i gas is 
Santa! a = me le te -< Saad a . = al - 7 rd ye Pt 5 - 
PY ile Deo ied ti a a mw os * = rT Ld ° ba - Pa Py - = = Cs Ct - 
Ps | , pinhlins ¥ 8 S ey : i i a = s - a es sep) im ~~ re = 
ad ne oh. | . rs -} = « . - - - vd ~ = 
a oe A - - ® i td = - & ry ie 
fa fee - a ie mt = a e = = s * = i m ad ra 7 a ee Rie: alias 5 el a 
aa = a a = ~ « ie a = 1 a - o sd ry - ‘ rs @ “ ow = re ~ << CT = oe aie 
- oo 7 ™ = ee Poe. . * be i lad te a e , s - e a) - - @ - Pd a asad Cg 
Ss al = ~ e 7 . © os = po L~ Fe. bag) be 
ba ss or) - - als a pe ¥ “im Po > - . pi Ld e re = oe Ce oR itd teat od ett - “+ 
*, an en) ad aS = me « - = = 7 ' | - - Ff tes at ie a = = beck, Pie e 
a ~ Od P = -- = eS r “4 
= = ao i --™ = e a2e0%® o i « « ¥ ee o = as ~ om tet tee wet a 
is oe a ay ~ * id . Ff = = 4 : = - = : - ho - ad ie) vs ay P Pe Poy 
S a eo . oe a ae ie a ~ e = eee = = ete a = ag CI ~~ ere -”~ a ae aka 
a | a —_~"* = . i a af a . — — - = > 
A = ame = val esse ar a E “a ihe . > a. Py o P ~ . f ° id Y a er - od a ee = sah ee an 7 Ps et) 
Po he ~ = =" ' 7 r « . a i - - os Cn -~-«@ a meee a 
- 3 Ps = + e Aas x Z a - = - = a Ls = “wv 7t @ ~ Pe) ae = "78 8 
~~ - aed Pe - * ss = - Cad ° ag . ~ a - S 
+ ~~ Ot i hiatal ~ a . . o _ = ad ae °8 = - Ps - ba od er o-= os 
aut = ee eaetoeo ¢ - ba! P = 4 o - 5 Ps Pa - 2 » bad Pn Pe ol a tid a) a 
- . A a - > = Ps 
= AS a al * a r ae aa = A a 7 7 38 ae ae 7 a es a Ss a zi ee Pe ed Bey Se ae eee, = 
« i ep p rs « Pe. ey re be ei a « agen ™ e S, ce « = ~ Cr | ‘ é ro I - m4 i a = “age Fe Pn te on ad - eT) 
~ aT td - ie = = = ~ aa = os on ~- > mF Pa ” al Po - = 7 o Pde 
«a= ee hd = =™- ~ -v = « - a - ‘ ¢ a oo 7 Ps = 7 a PP ted a) 
a ee ee Sales ae w-- a fee ee See 8 7 ee Ae F - eos 7 . S ” - - - = a . 7 2 aa = mie fil PI a a le a ~ ae en 
a a os a Ty cl a ane tae Rar eu a ~ '_/ = = -. : a - Pad od PS - Ce - id - Cd Lg a - a FS Oe r = eo - fe ata a a ” tel - - - 
~-*% = mar en as a. 7 -= on > Ze 8 Py a o 5 e . =? wm a . = ae a = Ps = = PG . re ns ue a Pe own. * * = By 
Ot Salad " aS - APs em = a “ A deg eS Sha Sot ‘ ry = r P oe = o- = are, o~o««-= = = 
a = a Pe lias I . Py - C a oi Cs ey P od - p= e a tliat 
- * ate td - 1 Ho hia * a ar, be = 6 - *% Ss . ba : be ss = e . os = « - - = « Fos ~ Pa a" e Pa a ~ a a = = ai i i Cod Sa! Cea om i « 
v5 wl ~ ‘ Oy =) Pan a sat) - Py ~_* eat e7=* 5 = eo 37 ae, - - Py o ° 
FS ers .” Ps oes i » a ma = Ss a A ad a as ’ i «f - ore: ve = Po Pad a =»—, 2 « a eat ad - a. el oe 
; eager we OS UTES ~ or al 7 .* Cal died 2. ee eae ‘ Pr = " . Sd 7 a ° « . Ps 5 ' « ae = Pe # A pe moe = eat Fe em etm ee x 
ice ee Oe eo he x Pe = = ate Piel oo Sd oa , - ar. se Oa i . . . . Fe - Pet eee a ed i es oa is Ce a ~ S ee aim ae 
Dea = a = Re — “a eam a A A Speen - a a : 4 = - ; : e 7 , ae Pare es hire : 
ba we we - rs I aa a * aaa th aelite ba aaa . = ba dB , eh Leni ban een ae i < a " « es i a) Py % pan es = i: Sie . ete a ——=- - = =a Py a 
ies ee PP an he = Peery - ae art Os =< ° ° eve Fe = os - ° ry} ” a .* Po mo. «© = - a ee eee a = = eee ss = iw a 
bd tea id olan — ‘a O a a ag = o ‘ .* Cd -¢ . - Sad * “ « “ - . arr) Ss a e Sac a 7 a ° Pt aaa Peer ry eee 
ae sans Po ayo ie oie baad Pe a ry = ~ ) is = a S ° » - Ld i a i i F - C p UN al oct P = = ue - ed - PT ood andl Oe aa 
en = en ai - oe ad Ld a - r - Y - ¢ Pi Pr . sik ae. . an = " Pe atl ar = pia ee 
ee ed al ed a = a eed ad oY ra . ry i al £ = -- a) a mt — a) r 
- - Pty a] SS ae e - ihe es =e v ey # x a ao a a A = x 2 4 P Py ' ' re a -- a get yp me SS eer i aes ~ Pr a " ° a ae Pj pees me 
ae mt ren) CL od + a od ‘ -_-- o ada lie a i . aan ° cy = i “ = Ld ” e # i - ? ” (a ta = . = aad ‘.- = Lf % Bt ts ST a cll ate tat riled . 7 ¢@ a | 
d “ton = eee es : taht be 4 a aa “ ae oD - aoe z a 2 Ee ee P fn oe . PO Ss - i S a - =ae%® Po Pd a Sa PT. aie a a - Phe. % ar pe Riis a PIT tellin tet tiellbe 
Re RR nn as = eee ee oe ts Sy oe .- Mie. oa ot TES” =: - sabes Sn deere + acs" : ee 
P a = 7 ed - od ba - an - a « - ~ _ = se a = —_—~ 
PFU nS > eee - os ed oe ane Hs =| ar wt . @ a ; , a - ae ys Z ae ca ie Sa , ae ot a 42h a z — Ce al > gt - wen > pl pee = 
Si a Chea ae a. hen 5 ‘e ad . = | : ~ = -" -” - eed oe BA 
ae bs pee ara a te id oe ss . “ = O bal ki eae Se Py o o oh . f ded bd re ; ea ae ; a Oe atid a - al any ec Joe aie aie - - = a ad PU i nn” gat tek teeta 
a a! : = “a tew a r oo a P a =. = ov vee 2 = a _ ad -' to “= Co aye - = 
a ne ws an PP The Se ellie M = bes ar i . rntheale is D> ies baat! ene i = z bt « i vw v4 cd O ae er) 2 . a e pases , a a) - ~ a / = ~ nee - oie Pe i " a oneal ry eT « a apa an 
we ane . ‘ 2 ~ bs 2 = - S a Pipe a? = 5 = alike M7 = - et -= wie t- a . , é 
Ps ~~ at capella’ Ree oon, 7 Oe bs = os " er 7 seernte rs ra a a ie cate = ae ” - . « x il - Ch tds lad ca -- = one fe a ad Fe Ye a ad aT. ae oe pape = Leslie = bbe Shae a 
‘on ee a re i Ps wee - o bs td w A) -- . ra Pa a. _* roa Pa ie ail my apt Ras a paid a ; ms . = Ane ’ a 
A pans Se hc Ye aa a ogee. ? oe ma — - < « ww a od “ ca™me . é - ee ded y Pe = P - — ” ee as ie i. = alti om mene, Fe mal 
bes al ed s a . P - = bot lin Sates Se ra w « _ Pe 
c | Sage anes a - Sb fae) r sath od - , a, bs ~ a et ry r -_* ou 4 sd ae See id Pa * - oe ar iad oa = Yi ca a aa al aeieintel er) - da el i oy - a Le aes a ate Oe) eae ae 
—_ ———$— . eo | a =; Ps a a * P - re) ee ro - re = aa “ cad = < ~- 
— care ome i we Co » eae ean ee . m7 = = S id ; - Bats * = Pa Pd ' = vated Fd Pi Pe eas an. pa ewes ena = patos se Pen Ge Oh eg Cred] 
— ae wie Nd a td aes are See = Q = aT) a, aaweo ow «e P - to «7 .* ed o * = Pa ae P ro — pr serene ae a hel a peace - rs : ="=! a : A ~ 
ogo —_—__ , Pa Sal be a x oS Sy a ad Se ad as bd bs lala f ¢ al — 3 as 4s 7 ot ied PT cole Fel aed had Lad bd A ig se & OF oer ye - Lg i a sl al ths 
—_ 0 ete ew» 3 oe 7 Si as a i= ae nd? ~ - « one . Y Pe « . i r Paes . = Pry ow . a rie ere = pes ay SSE eRe pied RO a ll at alan aie er Se ee 
— 2’ = ¥ . Pd . a ~ 7 Ps o"=* om y 
= ——SSS= - ™ a eer a of ae Sie a Pe = - r = im ” a Pe] e — : bo “ys cy ry , id - @ e a) . re 3 ow’ rw “ oy er 7 as ee ar ae tame C pe gh eae pe Per lew oi - oe o oe en 
oe) a ad TA kt a besos rhe bt ie Sie wT al PY a Ae “w se Caria < i 5 a o i z ny e ee cs 7 Phe ad 7 re J ; ¥ “ - ; = co epg ai i need Tr a hs Si Gaia Se a OP ba ee aie Ae oti 7 Sieh re he ape ie 
WY =—_— ©) ed a Ps _- wre * c gps ten eri. S , - PT wee --« rose oF ptt s . tad Pl si A I alte war or © a ee a Oe be eee eel edt Pi eal Rota af or i or ad hd 
———— , Ae t ew < r, were + ee a aaah ae Ys PP “a Pry tL, dee ra aed Lt ie oie 8 * woe bs ig Ms = = a td i we ao , ¢ - nd I ie aioe aS a - woer.* a eT oe ninttindnt ee —e ww Pe pea is ee ail aa em 
— = _ «ft @ aaa oe * = 4 i a Ce = tes P . . apr a . “ a ol Se 2 
© — ————— > ee ae beni i eres - . eee war PE tbl Sa ais Tad oe aad iz ra ro aes i “% @ = i be - 7 Z 7 sas , y is Pre gees args eT elated arte elaine LD dpe een hy del aie it tiated r a oe oun Pie 
—_ << muvee. ote == Pes - “ » = a ~ Pe F 7 od e eu *% ad uw .aae ¢ a7 ee La bad ad Pa ee od ad Cd «a * yi rs ed [lS a are Oy out ow er re) PP — -_ ie ose i - aw Ln ek a al en 
Qo = —————_— ON oc Re ten jh tiaiehs neal Ri ir TTS Tae, eT ied eS oat ed osm a we are =e ae ane 7 Paes ue Pa eee oe a ad 14a Ps Pe se e om utes = Pen eon Payer pee epi ee ee ene z gen Safe 4 ap hes ir 
—_ = ee . x Ld - . = q a = a = ~~ wom ye - . ~~ - 
—— er CO < - eh are TAT. eames ae a PP | sols hea eel adie a Ef yeh " a fi pee - | Pa hh AS 4 me Pye I ed P F, al¢ Tr) Pre eed ~* PI ede la a - - 4 hind ee al aes ill Po a ad wen rey — ous a ates ss ody a oe : be hid iB Sata Po 
_—— F - = "i ° er ™ - -"e¥ rT] « =a . y - ore: a . s~ - ~ . P . a 3 od = ~ sages aa Sa hod o > 
® Bp te p ae Trahddlndied Lh Rae aa, cen aL bey Pe Pane Ya ee i el ee a co eas : A Der ¢ Sate tated crore”, a de Be Cagis pie Cor as sabe ae ~ gtk i pe ae, wells Sieaioaaginks 3 ape tall atireneietd ie ee piel 
— — - ? PT diacetate ad v 7 * . va oa ta . - - « - G = - a o a o o — ~ or _— ee es cs 5 — i 
Sse = CO oC mamas’ ~ So da apt BRO: a? ae) tale rt 1a ie hee Lt Ted 1 NS isp adatoms wee i Foren h Tie aoa a. re Cn Ff U Ce es wa w s oa « omer od < en ee a ead were Jf PS a ated ee we mpeey4 nig ach PF linet ach. pealihdt atenateine Te = PO tem ram 
——s ee pip pe Te «ewe 7. Yaw ee ar A ae etts ee @ ere PTC a - dager, Vere D hhdeliiel at cs fe Pe - « eo ; ie ery Pare Po e oe ee FP yw a i .- P F a A , «= oe e pe page cid ye a psy ais nega Pe) ion mental Pe te a ee ne ton aid woe 
— — = = et ae ou " a ts rT = a is a - @ J P ‘ e oF cre ee hl » ‘s - ca 
— ee CO co : Peete le a A Pie ba >. . Pe a tyne peonrtee ae Rigi = = is rr bs 5 . we “~ ores ny oes Pe er is Ce) a ad = de la dtial oad P Na dt iad rer el lina oe ee od ae ea s A sap hed bien Aes Ladies Shs 
—— —~ ~ se os ee She tne tee 7 _ PM at tat = ahd i i * nr p ri = 5 aa Pe ee ed ll ar ware Ps 
oO 4 =e gs » ee ae eh | wee eu” ean Se =] - 7 ae ees cpa et sa, aa = & Ph tae re eran ” “a. aa « Paald ry an a es ree | a! ae di o - oe nd Re Cd « ibe oe : ee ll Fal a oe ae ol ad Pe et ee ae es GAPE to panies i] se Lares Aa Sped pa 
= = . i - bd a4 3 « sen bd fi = - "ce 3 a cy - a . endl . te e fo aaa 
= C) Es ae aed we ees ae i ae she 24 ey SE ew Ot ad Pe ili | lad aetoe a ee we Pre) oR . ee of i Jee Bey , v 4 = a ; Cf aie see . p aaa lage Listes a es 4 A oh a a polly otis amatentte eee’ oe hen atime ee Gp ey 
 — ae Eh ated Dt ee Sy eae pepe Pas er Rak ape NH OO : Tha ta) CO Se ah 3 wk : ra oY PY ae 2 aed Pe ir re Prom : has pontteg 4th fie ea soap peigeent ae oa ORG So a manatee re ee 
————— ~~ wen tes we. Poa the me ST oe eee PY he Pe ne neat wie erase «8% A Pe nak ea Laie is bs is po ae Py Ad @ si i hott ao ete hed a his Py al ode edie OT Pell th ed rom aie -9OF a, - PA ake 
cS ——— GN gee Ae Pes ra aed oe ok et ak td d es 2 ap olpg: aa rie AP a ie 4 ae |) PLY it ow ae ‘ ° t et ‘ C re) a Pat oe te | “SC e-ne 2 0 yes MT ad gent at settle ee eres eae ae ae Baths — 
— = ——— © ee Nae PTT Te aaa PO taal ya eee e mn on Pe ne sow 4% a add Fe I hd Cig eee “ame’ id lh aah sales at ae co geer et se am Bey a ad ees re PT aed Mh tad gear eq0ns=petie tte Siew Pe al oa all Sat be el ered Pen Pars oe POP Dna) ahaha he hes tae 
~—~ = Cc) Foes tte nde die PP) ahaha ea peat te = me say a PT bd rar eee « at a ye * sbi ote ah = A S ae b Bt: ” a eo at i 2 od = oa Sain pag 0 i ad Se Fa er we ee ie Pee opt rene” Gt gh EMD a yl a meal abel roe pa PEA prea le le pe PEI G4 
= —— a "i cs - hel a Ld = ea A - . r «7 of ee] P 4 ° - = PE out - : = ect i - ee 2 air 5 5 a 
A ———— < we a yp eae LL ae “ Freeh dnc Pee ery eee ee PT ee ie a TT daa ata ae .- = — wv F Pa oat ‘es ars yi Pe. ap pe ~ ey Rairey eae , hele ee a ! PN a st = Py eS ae os ene i spre i oe = sth De ade Ee a ol satel altel ag aerrer pana 
— © x ST he ates =] wee ee pees we eee eT hae eT gh heals we hte cisieats Rocaertier 1 aia py sca oe me a ate is cael installs 2 ae CO at al inal ae ad lida ye” tad athena al al al et ey - ntenineligntpelt’ al eat oe IOLA ES " = ple ao td gr pti oe CT eld ae Ain ate 
= ar 2 _ i ae ad = ae oh Peer ee ble a Lathe Fa hl ie . 2 per = a - r an Pa PO Yn | a c P a lig oe - ar a 2 lalla a Nee * -, 
co ——_ ee eke Re ae oe OS ieineaans ee pee ree ered a Mee ET tai ey s =e psn gSinal ao Y ee Ma po ae nar Pah: woe FEC i tated o a ee TN el nil A ated ple TTT a 6 tein ai een ET ae a en ade paoeaegenit Tae aesL ees Hed we 
— - = >~ j Re um ae a eile nereecmag VN Se o a Pern et ed ire A ame toy = ~ ee Pr oie Te Neat eC ta de. a ia ae Fe ok Ll naa PS a es ela oe ee powrpereat tre 0 6mnw aah eae ial aed atieneied att aek Athair nk dad bd denial ee ea! mite Sele 
= ——__- CO ec iageiee >in pe rhs pee oa br ta died mnrs Dok ah oli RM A aap bai de as pes bende: A ait tied Lah + ah Nee Ba . q «ciate KS ee f er eg ton > is ea Se . iit ‘ J : Ses all 5 : pei ge C cbachfacabai ripe gin tad cater fOEO near ae pigptir res "ae dil all itiiel oe neta“ al ak ae tee OT al sana Ree < SLA Raat 
- = = , - = L ey Ls blind - a ~ : _ os ao B - - = ot - i = cs = 3 7 c CI 
—_ = Li j i paling Pree tr a oe tars Peter, Tn oh , oO Litt or PT nd ahah anal Ae -0 WV Fa a Ais Li = eh ee pa te ’ or ae ed A 4) ye re Se acs ‘pie 7 Pe he Or antigitetnt al needled Sn ee are et aiena atid ET ak een Se aga Ly 
o == = QO Ton tage aT sepeneeseetaey™ A ach Saar r peptee e PY  ated Bee i dh a Oe Sa dt Le iad ae Siamese 4 eee f " RT a ae eh rt aiaad oars = here id alates See ate Pn emia ee Oar! TAS A" oa PSN Ts aad id weary ay eet 
nae aero te Raeeyy os tes # om errr ae rer ee at ae ses nee® ae | oh mate Anfe hs Ate Pa Baer a Pe ee ae avy Por efartea-= Pa he held PET on i ninchiitiid I ollie ial PE ed Oe i ee de od a ee et i es - i a e Oe att sedi Ot a ata Pe oe cal tee Melina ae eT ee ) Seat aeA shel - i rae Fag) a iden 
= — fC as) ; pepe » are lene pO a ee anda nT te Pare te pee ale ahi fP IGG)" Dg ene ae iO ea Ean erte ot heme te cee yrevad te 0 © * a - or Pere ere Fl thoes eT, adeactteliniabtuafiel eT od etek Salk a pelle tions ease ea 
——_ = sata . bathe ence ave ee i A ew ery ed OE Cs I Ln ale ve Se peer eg ea a ae eh Pe ee PE le tes ee a kag ee ‘ - gps die le td dened BF PO in eal - PU a | fehl de aa Cl ae Pe ad tte dd Oa Purr sae s pa Fe od abil spate ae re alien iP eae ba Poe ake cat i dl 
— GN =) aa bal par eT PE cnt” PS al det aes See ad. Ck tated pee a es, oe Br lee ee mas 26 a ES ae BARS A etie =e . ine ° ¢ ete Or Te athe neti at ie dale allel OI etal aerial C88 PF CAPR EM TE eT a ent al tel Lanes inl < friend ~p-O tices "tasted aban 
@ = — | pi eas a CE ead ee a bh aaa Pn aaa ;; roa LPR e ToL OP, FT eielindibilin de rd ad re Td PCT eh hil ow Pe Ce ea re oe ay fi, saat PE ee et ciara wg erect $ AID Ge EG PT CL inated ngs STS aig ndandh eT anette bi deel teat ae a ek catia pine ee - —s . pecig cp cl i analadtn TPN 
Q == Cc) Tena ital te cart RAE i teeta ore Ani Y EL eh catenr Pt ek ah ea Pr a ed Bae OF Gade ie lh aan ary et sm tease Te eS PC eT i, dai epee Pree i 0. Spied a eae aide as een cage tala ie ei a rT Tate bhai th tied Peers ps Rains ciate Te a anil 
—— = oy art Oat ee Aare newest Me pnqaneure? a be wren. een Ee TS 7 es RP Td Stale ides A Se ih Nt 22 te baa Le Bae en CR CIO ODO? ea st ea A ee ee ih de ae ie add [ST a ee Pe a alata ali tine lad Sita berths Sey eel onde stint akan 
= CO mt _ ; , ~e* . ¢ 7 . _ qn = 
<= eg a ER yet eee aie Ss Pr Wl tesa Pee nadine pete! 9 pag aes Epa Se whe tee aaray cee UTE es yrs ahta fetta se or wannproue & Pye cate POOPY Ne ot iors deenleee ee ne. Ae eal Pay SF asl anal Oe Lal ania ereret are sng Fi) a ee eh ale ee aolaten Faron iT peo SPD Cpt chon —tighteadeetee’ 
qa a ey 4 pint YS alte pd ah ba Sh 1 aaa bah ie ¥ et eT a belli RTT. ae rr Pre er aha and pmemeLy Y heal ieee vt APT TE so Wi slbs, Dent els PAs eae elie ne i OO i th gene rdne Tyrer" pT a aalittadl ee ft ty ee ot eg el ee adeal ah as cp thee Oe ne ae 
——S es J m4 P " . a _ Py “ Parl é , . —_ . =, - oy ed ee P 
= z Lhd ohh shoe Pe — pe a. deisel eT en aE ee es Ted cide Te Be Pe « wee SG eC De ei asp eae el it ahah iad a) ea 8) Mae E tO) Seo PP ol es ei diclie Mt Se i pcan ye RT TN dorarapat te OT nie, dela addiads ee ak as Baan eT nt had nr eigen ip 
Cc ————_—— al tea ty SOE ate pares POET. Tia mdi ACSC Cae cae U epee po Ae Cee SPP and ad elit? Ne Pe Le te acd <e Meee Tt etc anerr CT TT as tad eT ileal add hte le ee acted emai! ar Soe in pares al a ea Sa papi hGe a cate taleRapeh eB 
<I ss : ma FOS PS eee Tae al En al tial merit ail if pty tie Fe | i da ae i alee yw arya died Pe ae did sh \ dichall CPT rey ee ot i eli a ops ape meee ere si a FY tet OO le ih de Fane : i baad tal ia ow foe @ rT ae aia TT os ell all ot i Fed a od, de Siete PPI Fn ae ken) Ee pone me ees aed bio 
. sey fehl Sees Sea i sae eens Chas Saale ay am oe Pe ied wes? De eat Pe chil hale Pe ML hdr Bigs ca ty ~siee ating eats eas Rs ne es as edit ae cL pide dene al dee & doped ‘i ord i Be PTS whe re eh baa Le aided toaieepeipendiel m~—9 oS tab at tol, heel A fled Be ae ta asted eae modell Ee all mo ene F 
a at alae al ars aera eel PO aad us cen ghee ae eee Me ge ere eerste = nad a a Pd cies ore at rs ais . ed sol ela FI i sot ects OA taal thelr Te ei a caed PI clad stedied a> i ee oc Lacie ieee eT a TIE Oe as gS rarer AAP BN? ee 
ei Seatha eR aL: Ton ed ae POY tale Says gag are pe © er Ars of a Net vere rT Te ie tad eT ee UL gut amine Oa CFE s Fe a Rood LL eT Ae deat w eur g- oad oa P on atiee Pee ot ad (Pe es malin Sara bof oh SRS IP? pr sree A abo s2 
Sap ee bree. pallet OE I catty. wey eee the ean RE aan ee a pir Pree rer es bet at fa Pe ina eae bs La ees Parr. et a eee hee oe pre ae BAF OS og OP END EOS Ee eh ee atanliailie le siettnlistiay aah oat ai iltel Piper eT nd Dane aihaaetpedaletpie a T ~ ie mew ees Md ciple aint 
ued elit Nee deat emne’s of ne qeemtye Pe hee eas peepee aap se ee ow © SY eeedbthhadal wae Oe  Aoheae °C eT tale tcl A me 1p 9 ANE ee Fra Ale ge Net tal Hao al PST aa attained es Mee At ch cite nid pee e eT Te ds a aon elated va PCE T TA deena ee ee neat ae pS pea iy Sy — 
os pre OS Le al gfe ee ES ne hain) Scan pap-ptet' Sr eemee FT earn psap onre® moire por at Rawss 4 80S PI acer cella Spar pt pe hee dati DPT nag pyogteprid a sal E Espn tice ROE nn. ot te ended ltl lene ore giant P oe jibes 
, a agen EES Ree er eye PS ae FET gia ee eer rer eee heen PTS ate Ro eerare FATT Saal a Seo oe dN pee ot al Sy la ieee PP aap eget Oe gota. eet ee eee alas a In ata ella tele Sp petite Po hie i SL ep alnn ae—s SALA 
pct os Shad phe net techn Fae aed Cie eects eet PS Pia baie ec PC eon oe ac Roa a SL Perera Salem eae ees epee PM Lcetiapede tl 1% pee pee fel aioe ae ane Sapapieh of pe bo goer Sapien iT a ateatee ied Hisacr acne a 
ern ree'h aE 7 - pe Te a ichilie doe alia c ° ber Pe ee Te cede . "= pet ie ast Sh e 5 os ee Seana aera = i M dst ghd patchy 80-te FE ee ad ec thtnttt pill On a al hall : ra yee 
re SE ee ‘ ae. en ts ewe mrrerr aew =% lee Ore poh areee tes oa oes Ree en ET aaa ee i Beeld Ld A it a aay peer eet y = Pe EM iti ES a a ar ie ad Pa SL bd sted died « — as gape Wa Le ppt a eee er lhe a ae Oe aah ea Rent pe Bri vs riven aha ecP = 
ST afte & earn ee aeeen Ler ree ee OLS aka Ste nh nee weiter:  apeee A ee awe pp Or lo srt ee ae a Pa a Phe ’ Pa oak apa ad 4 gee nee ‘ S a pie rie , Od ye : Se pee Pn A) at iis 7 oe F-29 imate hatte ae Ciba tone Spohn Pr) al SPIT T rsd nai pesindpepn gespadietrs pera niees- fe ghetto 
Sy oe ety te sete ~ eee a pe eT ae a ea ES hips i eT ne be i die et i as bp Te oe ell ah Welle Schl aaah ileal oiliad Ces er ae alee - Fh A Liu eee ie om eT an eal pda reat ET ee ag Ce he alle Se dated 5 Lipeagh clei oh Ati Tn eee lad nd i ee St ee phates 
nent pee nee ayo. phan S ri aS kr a oT ee aki arn. ane > ead Tee TL drat RT ode: inedibhiata oe biden el ae su ate a ki re AE eer a. ae Ne Taare Cees PO Ae op Dh ales apt Rh aeh dinitee teiiiediag foto i Pee tat eal aoe a a ale ee Get ean AEE Oe 
ee es dd RES dep chet mettre REET ae the ee hae b adobiad Lee aa o SPOON ek cael a ape sre es & ow eet: ae te Ts WD | ah lila lease , ay La Ce Th et beheld nn el i ial all ad J ie Pe seat helt POLY Taal « he ah ath Be i Bagh mattis ee ok ante a ae altel ee eet ok eae Tee nd Ce 
eae bis 7 ip oe ee he ed a alti nie phe nO tale eee et ae pee tines fade VRE patil Beta TS eid ad a ah ct alee Chae a kee si dorsal eee I Te a let epee arts Li rapapchfaeld Pe ppt S NGA eee ee ne pe gin tieeelettd s eee an a ipa Fe 
aati al rien ote wa art pe RTT eS a eee prt 43230 a iwaiestee eer Tah ae Par earuvettet Ye" RO dk alah ie an ey sarees a CIN red aka a Hen Lp Sed ied . ots had ep ttl Ps, eee pied Perry isd, ante pga ms de epee — Errata etc tet antennae phe ies er wr Popp Gse 
s Ee pS th hata ed Se ed aie er o i ly Pe Re ah Med diealis wyerte wifus & LT i lied ae i ee. gt Lene ar ie u Chek te TE, tid a want fest’ PPE Te teal de ald ae BP ee nctaeeattiort Je sedatigtls le ed ot ilies Af ath dada Ta Len) cad Laat er , a aR 
wr pee mabe Cr he hl ~ we ee Poeret a RTT eye aha a ee Sgualpnte-peeeeSS oe a he eee Peete aL Leia OO LT alee pete pre ee TTT oid cael Aes OT hile er de dn anedt Se a kata SN ea adtiity Dire eT ee laa Loch apron oriyn ets Paes ge cicerepeppacini eet ot 
a b= nse EO cape ge atric ie age Apter sn at TT are 2 Ae ee cemeeniee gee ee p sees eo LN oe tld Pt EE cae cdln’h srl ES Sey re eet i mint tn. spre anon paamener rae Tt ete ow Fark Api eo raph tee aaah ea epr sepa ale and peal rend cD TL panel ole rene Riel 
Sal Te a ieee paaieteeey pean tn pat ae Ln ihe! Ae pe ee peer Wi bel Dib cli eee eT TS OE aati tpt Peale ee Oe NS ne parr hI EN oo | het taal Pies Si dcuipsataanares pT ah at Laat pital t gia TY ot sddeoieemeamips Pe dl aaaltiats iets itnd ah OI el thea Dt a eT me ae 
patiet OS FF nl tire eS Doe hated ab 5 pip Pe Ns dat a andinadibe NN end eh de oad Ee ve ey Pre te die Py Pe a aie Lid — SE dana, 4 2d lat ee tal uae @ ie ee alas eileen Fe ck oe Cah hipaegtr ra ona aE CLONE dal arte ge pine en iet Ew Oe eamiel Ft od el pte 
ad pee eA pik a I Tales a TE Pa ee a were er RET weeks ss ea" A teehee psehe Ls wa Arn rare settee ® Pre Soe or ore re. ee MOY aah alr rem ah ded : oT sdb he Cet a a ee ba Pe ae Mot hl Raet= ere ee te aa on ete ore i eal et eT tat etd Pa dr gh TE et a tel ae none cl antlgerte et ete eed cea aah 
ad Co >. pare oe cere. wn teh oe See es sient ote p eases ae, TD lhe wees ¢ % aoe beeen ae Pern aad age mee Ue Saha ele ead . Re da dh odd hs ag Re et Ae ia A ee panei oe icen go 18 iF eee: ~ Pee dad alae TL. ie een sews on™ Te al til Sa haiti Pe eT. tn al eae dil Pn a ett Minted penn er osm. 6 AS ltr ts 
enema Spc aa ae ee oe Seo paste sa ppp eens Gy pO Cor aie es a. hom LA i wer Se TE NES Sey Ae ated tad avt=.9% 2% Pri TY al Be er ee ed a teat fs Pi otal RL ad ewper€ a i ra laa Pe eed Co sat Pgh C OOO CTT as kia OT IT apes anda? Laoag OT ad a al teh et Rant afl il Se emia De Sided Ra oe man a 
= rot nena a owe? Qe" - A ~ ow . re Pts tlle anal Ne hod LV LS ate seont SJ ion ee ed ar Pe el lie ee Le ae eek E ee ae ial tt Ferd nn | atl aed nar fe yee ee ph elie ~  e etew, =, 4 ai 
NT ss ah tlad Re NT aaa a gp rr OE arte ears TN te LO ely PE nh hae ok OCT ay pai ie s A ve gar ees 7 bf Ladi = alt a ee nt coche a os parole 
fo lat tnt eee Sia Beare tee tet ET eh Sham Nea er ap enon ae ee eRe TT edict de ee TTY ele adamant PPT hte eae Th Miele op test Fe Me a aegis t04 2Y Sic PO Ser eee rere oad ne eo at aeesl nt ed podaciat eeE eee Aehadnterta > omar 
ppb nal Sgt a eb eee e 3 Spree eh ap aes ie OE nae AIO mare a, he agai if bor une ice es Om Ae SC int nae dtd te ah vp pena wear oe ae ae ey Hae ete ‘ed aa meeps Pepe nial on odert aT ha ok Fh lati el aelastod GOI! papa pp ah eager aS aoe ee eee a ad aad afd 
Sy " pe a ee al 5 e a PL a ahd F aod err te A A > a peer Pn we GW oF c PS rd hy welts wo ted eh eee ed a A rues tae at fed ie ee Fe all Pe” al err Pt) to aa etal Mid wre mi « a , ak ed ite TT ae aed ee 2eeee ee 
Sc ere re ent % eerare se oe pa ladies kala A TE i oat ad peat eee TT Licata hd deg * Fy Pet a os Lal ches tie Pry > at Pao Tt i dn heen eee ee fake be rrr, te depen suas gee are ee OO baad ee ead Pret ee ok Loh edie nd inant ager a 
oo’ pani OS ET a Sy pe Yas eatin = 7h yon Rk ieee aes Lea ; paren OPE til aire PRT oy a Ok IU ad aden ach eae si Ae a ‘ : } : i! gv r-s = sifie Ea EE ‘ a abe ietie ties pn Eo dead onlin 
apie ae AO Glin Sane cr Gp eet YN eh seh eS pO a Reeders et Cae aed tad & ee Pe ct PO tae aaa Lanezeenree ores ts eveen ors aie ray te be oe se c se Rep ei 7 a =e eet dee ra Fs eb dealin ar as it fe cee Pate eee Ie nett tat ait pate tiene ent Oe er a ded ptt Lda o6re 
b. " ~ Se anaes J pal: eee eo eT aah a Pt a hel Septal: Len era 7 - r Rien eee wee gow se yveev ae BO es dade Sy A il ate he ra ona’ rs « Pe oe PY ae at OPS) ee de a ee ee AT i haat Pe de Lr te pen elite f-wauger wr Tra vise ae ee ananirt tenet - e) pn at] 
ett ee er ee pare ES ani’ Os edie pa estan se | id Pa ae te ane oy “es rotor ree a abe ee Ph Te I, aaa ST ce de RE ool PT Ne a co diel comes FO GF FOF SD Oi. aeeee Oe aoa SI can bop tnd oinieg sere aT a acetates need Lcagage teh et DOO patent ian te 
pn ae Tata Hh aie! re ee ere pia ae eee ewe bw ve ahaa oped * pg eee a eee ne Ps PE eat he (oe i aed HER Fu wn ee ere Or ae ae te od a ee # s sy olla mu ahd fragraw 4 Pll Pe ks al er PTT Rided dialled Ta all aati ST eT ot ete tadet iairtes acaba ges Pe ods St Ll ot eeetattiieal et ol a ditans a anaes 5 pig 
ie a a , : qwaaeree Ps oe ed bis tad e+ eer nce TT © es ts a ied a mn ee ee ee Pee A be eT ok Sy 2 cet PP Te iat add aw “ queee “a Peed Le Ade elidel Pe or) ae Toa ei gow Te i tial eng Ot <2 a en ager’ ia ala 
ars S pe To yah ee S arhcatt! pe ae Tle eee eer ees bowtie © 4 Z ee Od oh ae pele ae ee ea NI ie tas ed ; 2 ' és rigs # , Fo al etal heed Fe ee ee encanta ane 
jake pa ri posite pe N eirtes Crater ethno Pe per ede ee So teri he ea “wu = err Crog et Pes kad Sead a a as sew Pade he LN aes = pled ei wa va os ee atm phi ” Does hee te ait ahd a a gp toc iif ep: Oe neha aD irep ta ie peepee npn FT es priest Sete fale 2-0 eae 
pipes ts Se ener aioe ee ET hia ihe Pe ahi dh ee gi . 5 paar eB ee ae Sal etre NY bl Adit oa a A dene ie Poe Pa radi me NT fel gi gin Prado ay Pr eatin Set debt (thei tel then ee bt th adh ttin-se PT ec tee eee th ee adel ial Penta ds 
eons Bias ate ttn ord ERS aaa enTh erent ae ar te wees Laebeiadbtles pa tei gt ctf hg Ate dan te ants ay i tO BET Lae Pe Ah eed rr PT adel Py aL he at nes mL. Pog ee nk Me Pe at Bn Meade reo wee Pe dein k re et oe Sedat d POTS ee i et me & Gi no idee gr va oi re Spa ey eal as! ellie 
ey, Stn ee Na th mie Ta ide ay pry hdr ery ae fie Se Tae td ee ae) ag nae J ire Ter, ae Ot 6 hh eh Po tae eae OPT ial i! er a ae Oe Ce ied ye ag! Oe ad Py OT A ded oti Pr viel “38 Pe kaa ad dead OF eh dalled Ru L sided eT LP at th nal A pty on 7a ada eg a Dla tat Raf Att eens 
rs a alae vee ensign nt ee ORO ey Pots pmangue FUT Pea tld rads Poe ee A | ES fe whe pastes fad ee ide! tal PPE aie elie ORF ha md liadih dy 2 eV Pee Creel ak a hae Pe ee Ce pT Uh or inated Pe ial bala Pe a ies Fal dh ine eee nde ea Sere nL fan est eae Tete rp are 
vhs ne pnt eT pint FT a eben neice T sce el Pe sie way Spee APS Ter Prep tan (? er et es hed egngens wera Ee ws. SETA I ee eo al Bh Ey fae dialed Py PPT ae a ae PL oe ih deed | lat if ak of PO oll del ike epee ss age ar Fo Cnt Rott ace al foarte eye ieee 
Se eeomleys EPR pal hte pad Nia dsb Eee ln SR ee AU EEE IT PTTCE NY 4 cad, Aspens OO teary adb da eC nd ent Ce eet heehee ey ers SRPE LE Le ptt pe site Nel haar PS gag ode oot tT A Pept ee et eee A eet er 
call Air rade aatas megane pee Lata : Ca aepttalis fl eerste SN mS Tae el abs po ey ee bee dl rer ta) a Aa Bh eile DL ee nia eat te iad ary eS abnes LaPeer aap sen Fe di Aone hte a aaa lp ns eetenellade a Ee eh ata aed Pi 
a bb a Sng Dafierrer a Se Oe 8 CN Se dialed TT aia eas ee ce adits ead Per Tae tlk tee td ee TT a deidinntiogtliod GOTT Saati tec oe Te cana dil aiaaiertios Pel TD meena pcan id er PAT A cect eager te toa caper en 
ed athe aS eine eee yee hank bapa ti” STI pe pihh es ae Peele IT a a sahlt ene A eae me ae rane Oe ag pe oe alata tate eet a Lae ere é papi: 
iy an ee ce ¢ eq TP ey et he Lol Fe a i vi PT aie RI el le tales ay ae ie a Te kk cs tae ed PL ial aes dahl Py ok Pe id a A PI rfedrtian teh oh ne PY Ps aa ees Te on aca ieeo™ 
Orr Tok Sante Saale OO cae eT ae dill Pret ir er ar eS er ae ret bs eee ey a ine Pa a) Lae GOP Td sir tetae Saatchi Saat ad a Afro rn Nila at 
ee ee aie lee OE oe ae el ialrtar re te ene See A koe aetet Perr. oe YL lice seme pase per Oe tt teehee fn ee eal gabe hse Latclaret ashe 
ee panic on Mee segs ir ie ee OSes a heen’ pe at geben Saree als a eeanempneye yet te peeenaerpepnt eee oo 
es a YS ease Po lalcit ah bt aiid PS IE Latte attain dy Breaded pene ott Seater 
ddl lias oad tial ctype fegemtea = Oreo al oh hake gt eo e cinlaederth Sel? perme iar a 
etre ad i oa viene pe ta oC da afi naa) 


AES F 
CT "ib fl ts | 
Se Le heb: a rie Le ee Pn ol has Tie ae 
a ee he el ae ra 5 
a grr heer ae nag = agee™ aMe ding ue 


- age qcerte 1 aw 
Pt Libs De Fe oie Pde tle Pe ia 
PO Ty dead PIT ie Dis bbe el eer / 
(ee eg Pe a aatals eu pee ga 
To foie TS cll paaioebetee Ayia 

PT os ealypenchlit dpincthatiele em 

ep tena Ps ee ee ma yrs 

Pane sa er 


ek nt Mingle 
aero 


Per a ry ad 
wpe rt * D 
PT ch be Med ee 
mY ee 6 de allied hal 








wa Ce te hd enguaaioayue Y= 
pn ean eames Nk ae a ene a fi 
Ce heated trae gil the So bd Oe = 
hat pian ney TN Anite es re & Pees apa Ree ibe! appre s ER bs 
ye po die OS Oe oe pa eg ee pont eg en Lioeddbaas 
a ot ree ee beh nee ine Te Pa oe ane Ort Ret ite Mi vC tL ee! TA oats PT eh ok ah beh tale pd 
eT Re Tecowres ir ally rN ty 0 eas 0- OO Tn. Tee tH | tala a Oe) baer RTT ed erOrerrn si Ae 2s hails 
bal nies ap alr Soha sorte thle ayer © ene ea te Ce eo PE Ca le SIT are ihe) ered Mears Carl, aaah ruses ert Ve D pes eae Bt Fi Pe wat aged . 
a Si bag yr ae fig , eee ae i ; i “hi dees Y = peat “i ; 
name at heirs ~ ela ene ae emer erent pe TTT ray mapa arnt SE bene orh Sart MAREE ha eerie eT a eee OU | Pe ee vinden 
hep i rtd Piss wees om€. matinee, SL ace er % hare Seite SS Bas pT Lal bade eT Tat tian ia cntabante DB tate” erin bgt PY OY ath ADIT TTY A beard alas oll PTI Che bathers bm a ak hide eeP le 
mete titrate rrat iat eneea On an ee id ite KE apo Hot Taree ee ape ner Oe sara ws Raat rah RE ET add ioe Eve’ a eee So ee ah Spe nee atten far Pee be Cn ia ed) aah rr) 
pay pe nd a daha tatined De ee ata eee) = peer | en TY od ev + atl Tal ET arate e aires ane errr a ae pete ease eee ee edad Ye a dere Cole QI ele Pia por a Foe Ci et a enare PT) Fda ho ad peer er Ty | ane peer Toe on ' be 
Nance eres ean seater ne ate) a a ded SR Aap een Pat ae ulema PIR ated tea tiie ert ede WS aes Te ee amet ey oner 9 SI el ap aes aan tS hadbea fete ete ana Pap OIL SE ant paar diag epee 
fp reef aeneeetion eee be 8 apne Eee en Sa a hl rd ate nT Naty a TY ool cenit ae pup owing tre f. rwEeS Tt ae aeaed PT IT i aie debi Os Pe anaes ure <0 °F Me OY AL sa a, acre PTY hdc dtd Lae ie tng De Siete fe i ewan nik 
Leman SL ed tap i dh prints ai cat oe nares par lam A aaa Td ar irane ES ERT weer aeeyesste bla TN ae pt eT aah de he Ge ee geal dl. OLE Ue le! Pr ee oe ao PPTs hd Ie ide deol TTD A Ly lier POT tell AeA abet fay kaki natant Lissette neal feed real pogo AE eee 
en 0 eee n i OT tthe pepe en baka ere es nA! Beate ehh sareerst poe Ms en Te] St beh id PN el el tides ee LTD tit thes Ey nd ame he resto et kde lad id alles ie sng os Ces ba aH Ele ial bef Pa ee Pe ae 5 Deka an dial eons b. a ted rebes C hee mee OTe Ne tesa et tron aot aa eet sce id ater 
sh teal ame arte er atti ra Sr Pha Pette ns Ch nett Fe ab lien Taare eo RR hapten EE ibrar nr Tats ees arate PLOT Lb Lia os ou rs Lele ry AO Lappe Sete petty Sle geet rhe er ee ee eee eae, fpphiem inate ts notes e res alc ante as ad ™ Gaicarest s Sect op 
ah al die me = pee TT bei rE Oh asta - et ain 5 5! oP abead Shoe " i = Seer a) TEM abd Pr wa re yaad es pare as e 2€3 3 , Te ror .* oie ry : tie A ll Pt leidedd Dr aot age <dape Cad b aan jp metal Sapa APR e (ee 
asad mone ete ad bor Tony nynentrhs Ss ieccasetter ot Mpa Sete Say eee tala ae DUET emt Oreestid TS PTT taht eta pp ee rages Re, Tit Os td be tect pV LF ne eS mapas. Fa vig te tinh lie igp iad A TL a rt doing dais iby haggle cece tea as en tele neem eae 
eet ee eat peal ee aie eee pr et ae i patina dana ane te pape att EGS apices BT a ca eert Ps 3 tank, epee BEC A ONT ail Lapte? | ah igen pepe saree rated BS a ee pelle my eps a eae 
- pee later inte foe t-te ay ies Co liad S aceean pag me 8 “gpl pee HOT oped RD TS bie Py tt Siechiid TY ie oth oven Sd doe: tf Te adel ted aie Pe ier oS A lee f SIRS =P PT at deca mle ab a shades Eh ahidibd Dhaai Pease Paden nd eine CERRO Re ee lie eel lt dat pop fn ncaa eee 
nal othe page mapa ree, I nsare che arth Spe ee aN ah aoe Aghwee ATS Ur ke ee pr ibs abbey tp ers LI ae di en eT STs er aneer wales ee ot id YEO be egal EL agar pad ee aa’ P ppp pint see cer ag og geo peg tn foe cana 
a ee atts pete kent erent oS are Blea Neder eet aera ert heat Pree ted tneteh SgaentC ay te Meee arer Recah sei cert ree PER Ans cpr eer as i Salat Bee oan Racca eisai eae es BN cara ses meet Doe 
Pe ek had or wee id dj 1 ED. ae ofr : . : wee Rte te 8 ir Th eee = boy daa Tipe 5 ein l ARs Lal A ale kd Lae I ihe dine be : at aLiels pee aaalid gee cl bg z 0 ‘ : a D saasthaairti teal Pt at ol de 
Siar ater ne 8 aera eb ate tere i Seed he eben’ ea a, cleanin SV asebs pant See seen “es oh PTD: Pat ee Le abd ined Se CT Aa oa aes Pete TWAT ot Li headin iaied Ae LO ea Perr aL ST PPL SM or aka humaine mire e pinhead gad aeiitchar aden ane heer teen es co Fi 
pe hatha c nrg nS 7S edad Te thet spadiahdert hn eee ee Faded RPS CUE alia maser er br 9 asta? PO aT hae Le Kei AOIIR AE PP Oe elk cad Por Sahel ee RPT aed ee (eet ec Bel Pe Teleiertteate hy rteneed Teet ten mene sat 
P . sat ie abt a iP veuw Ane ey pereons gates tt ete PO en iS oad AE nail on or Te a Pe rn heed a he A Lea Fea) OPE Tt bad Sah dl Tt a [Sr ar bs) bedi a tatiana tact RP ep cotaehee erat eres oe ph 
pees Sh ad peer ey *4 r A aptatie* A ie oa! sett Tek Ty — tie TE Ls OT Ne et a i read = 0 Pee A ates angudal Bo. FU per LT Lue oad ee ee td oe acta e aa DE EL a ieee piece fife Pe ameslaller icaatiadl Pea ph caapaprner ene Et og oe iil 
; "a a Ph Sag Out pie eT socte «0 KE BO a Tard ale ahd oe ea alae Al TLE al DT ako) ian Pe et ee Poe be hel bead went ghucetd #4 PN le dedlietlined FO eal pani aa Fels ie pba eet Nea hm pepe peter ates al prea t et 
oh Sa a einer Ts hh iat ma LT TT hatpodet tear tate! ype St belek died ue Nor ae Pe ay aod Lele PP Ta cia it PR tick Decelete BPO, Seed cael eerie ee PR rest tee ae te ep nroee ota ppp si L 
a eee Sh PT Oa Las SD tell sieuj BT AULT La nt ealiid Seal Pre sn dd Cr OE re oe ead vee Pep PPT Oe oe art bees PP pti L oe cnalerted a ee iid eater peal apo dns fates 
PT aT any sind op Oe FM ahead pte re qos SEE i ee o-p 8? PTET tec nak ted Py pyrG ieee ert T alta eoiiatnd Ci aed pe MOA ARO EL Scan ate Ae Foe al 
Ap af oO Gedersgeeoest POUT ee ie ek Ps soe abe iil TT hanger the Stanek at ace 
errr ka aa RETO ie DE al ili ieete ROT ret Linch iy UT eat eee al Peat ae a Aide A chna cory eptsnpyme PPL Ss Lpenantal ad aa eran 
ests eae 4a COr ee PPT ot do diadt phere Aika Pe a ide petite Ps od de shattacthndiedes Pe Pepin eel ace eon pect 
te Petry Te ae ata Pett I epi peen pedi Bosna fo te dag Heth PLE tt maser assert oa 
Pe J eT 5 delete dead aie DL hngt mitdetntritht OP LT Ligkeah | ech nent SI 
Hee ik al dl tialataietne et ne ja pret ariel 


honda oir TR ah chr one! 
F wai oes WO tet OREN kee aay 3 - ary ae 
& ee ong eo: rNe® Moe hoe : E Lah ets e et Te a ati aS - 
pia healer ; Pn > otal wy es : ris! p DP TE Dae habe erate 5 
Es a RS ak he Bote raneehe ene! he TY 2 ats ed aia Rs ed Liesl RECN table Able : 
Ss Bh a Q Phleerer vaca 37 res ee arene ae eh ee La Pe eects 4 ee Lok een Re eed 
ny ten owe’. - Re Pr Pet at) ol aa pp nT oe bt allah Ph ee oe! Pte ssthaers Ub be bs 
pean EY sate ee aloe Se a SF TY SS by FE Bee Makati Pee a ete Pere ie teak ee ; 
pte aed po pine tn eee he eT ad PTC hua = 
ety reise Pit ek wee ee jeep Fe ee Foe en sa ota we * 
eh ee Rt hs dha Pentair SIT AOL ae a pared ie ee ee 
; Pe Fa Si aca eR d alabeirr oP 

+. aa te 


eiok Tt alate aap tap pap RON NS Lal enna ati Scr am 

W tO RAF we Da) Aa) 

. CTT hy oa aadindl ee ea eet ater a en 
Fath eh et tee al pe ot art ae 





= b 
Snot oe a ae aire a 
ery owt 5 u 
eT th 2 ee 














ene toh Lae 


A ip erints 
bs are ee eek ot th teat ‘ 
ee pate Ott Rrapacicios teeta ge err oa 
Sea gadiethed a < Td ae + = & , 
ern eae eee eae pre 
pT Sod abe talinel 2 2 2m ph) ebay Oa had ota = 3 : 
Ritarte ate pat: baal Lape rere test th ei See retain tS ingot ee | “ag Tere Nor sgrares met aS generat a poh ee ney sh Ascii 
be Ba a a tered tp ee Spear te pcg gat Ah? eee a POT a Soe a (ger v- bP fehl yi 4 : bi? 
arte! eo ener eet a a saatrpnt tac arta eae et pe Sa es ees aay edinl tiie SPM a Ah | be bbe ake ie me nes oe me or 
a ae te cabs oak a eee apna nea ers we ene Week Ci rate et eae ny ee hr ee ET a a ay ST a Storie 7d lh ifn todd FUN nth Late POA nite bebe ike thea et ed rt! ag Re id et Pes Bee Le te ele 
he pe} = pe Oe eta wear © Cre wrerter t FO” souls rogers PEt Lape rere icin ty rp ab rT ait en ae WET aT ns eK fete ee ie ae a rer Tek epee a oe sae bear PDS Ae ign and sa pte a 
ha ernie. ee ota a8 ties SOW nk a aie fa nas fe Pe OCS OSE ian ade ee abate Dp aete PE Ee h ee ee es peat eet ed ae fae Mirren PT ROE aad sre ir Seer ie egaeey > 4 a oc arena a atten 
~ ad Aree te ee per aer.™ eet eres arwre 8 ta aD aww et he ure SP at ade aed Dh dat Se a LT hited Peas Se Ld tant | oh lea Cn a ea TP be a ed sf gems =8 See Oe be hee rT ad dagusy are wae Se ath Cty ey ane eyie Y hae Cha pce ee gc al 
. Lia When pa en | ee ee ik aed Pe sk rade ‘ pach Ae id et OOS eo rye ary OATES To] bait dead “e pny we Peaprarye SMe reer Ted Shit Nees Stas er ae ks LY er ns pae- threo ene I Swe, Orv gas Ci ns = ge ee Dee ta A tegrated re 
a ed Seabee wea es nas" Pe alates eo dibicthortat potii ah ba hal Og Pet etre TT areas BR LT ay Pe bs eee Fed tN Ge PEF EIT AE Moar Da ahead beer. Pr ee Pe ee hs he Ie Ra Pre te id Pe eh aerator OT ake ide rein etree Le Name puerta 7 a a ada arcana ecarn 
ey ener- pd fe bene CONTE OT | ee eS jaa Pan press Bebo rl SEP A Paces Cy eA te arate H9 52 TEE. NEG =p oft Pee tT ek Deh ti lhe seh PD hare Perens ie hs ee ete Fe YP paw g Weg at ye- 70h Pr Solas aie pat Aap see GP a a tw FO It LT pth as placate anne Pot aoe 
fOr err OTA ET OU, ee A eae PN PTE Da ty OS es TE Pe ake eee a et TE Te. hare ay pele eS eR ir TE radia aie Er ATS CT cde destined Tesh dab tes dai gmp tte RS rnd acape tite 
P oy Re mne ty AA TS FER 2g be eat aad Fife: ee a a A A ede here ary sep lee Pl Se iy Bee Pe ae a rete Aa a ab Ce ee baddh baal Pee TS ours Ee pete Me Pah Sete tee et Slt areca mat pe tae rat weer = 
¢ 4aF eae 3 te Se Re 44 tL Shin cA paeesece Vt ea et PP OAT sonata did ne EU ra ee Priel yra. | oits FF ME ae Sy at oe eee CT 3 ade Peril inti Lene Pes Pe eel ald (Toca i poached astral ON ad date este tl a 
iu Sia pe lareere a ee POT A he Ne fa | PE PITY 1 ak She) Pe PP i dot A oie sd Fae>e wey Fe ot acetal rey re tat aks oe ips IIL TE a dale tae Lh pe re ae ey ltteer pie eee atte et Peet gl cpio arts 
9% Aatat e FT Ci a tacos Te te te ae el Se Peery te We phe Set de RE Ser ie ee Pere SOS Rr aed ne oer et el ee ee A healed see ST Tell Cee uk od etd Ape ePe atl ait tel tort LOL ger era 4 
Pe tm el cae Pe Ls Lie a Pet antes i Sr ies bd Ppt Nee eS alk ple. Bgl iit yd Pt nD teenth edt ae Res th Tener cen eT i dint oe 
” phi ee pe tpererd BS act eae LT he ee Fata Save SY Pel lobe Pe erat Ri Rpts th Saar ger mnie ners peat AR SOE sharak tach oho ra deter eigiatnnf oe pemrweenneG eee NY, Lat 
nearer yo ea. Py a) ra eee ie . ee agkeate WLS Cy sacar rer rad tan Ma pmb PP Pr ee aednarthl ve 
ayia eater Oe Ei 5 a A ah ate eal ne of POP Oe rata Pata Am Oe keh ’ 
A ’ per os ae gi eran ne pe ie 
AS ed hes Oe oie hAdes ee 


Cube t oyss whack tS 5 

eae Sr eo ba ah ernie yy tr om rah 
FE edi etl tale rT Ly datchatiee : 
eget Raper I KF i teak Rhoades ees Pres 


, erat 
Rk Ae et TL ed : 
: are niek & a Ge eee pe Te | Rf " 
P itty ” Fk bee oie F 
P ’ ee as PA ee eh hae : 
i NO . ss ath eee Re Paka S a RRL vai Tes Ot oth Done 
ii enor enh nee emt ater Dea RET Le See Tiegh Dae hs attt  a 
pene eT ait sure rah etic > i eva A wete™ aA apart t° A Nn el I ee Saath NT alee ae ka we et ees ee ay? cial YE Laur ieT ek 
s Meo 3-0" apis ees es ead SS pg ttre EL eM? tA a ete SP Ta Se bed oT a a l hed h ” Rea papa he A ph Tiet 
Poa EAS aa hoe beer at a rT oa i aah aati nef ee asec seus a a gh pe heh OO Re ae ae ot ee pi bere EP MSs Oe baer: eri 
Sage ere ee rane PS PS a i pee Sty mo laa nett pe OT er A i Ey are ae Pio. a? ahs yal PRY ed tb omg patesee Ob ms bbang a 
pf ET rnp pa han i ap totee ens re pe 7k a ae ee ei aa eee eet Fae plete rp cet EY ‘Ede ef) ae Se Peet oe Py Pee sk ea 
+S hie ie ee a a lap ahebtatapathe eTeT RS UR abn te rit OK COP as pty te TT ae Nay brea 22 14% PETS Teta) ae pecs bade we Ve Cab Ted ON PT PRON eit on PARP a Basta beth fae , 
ah OT hd ee de Fee ee oe Faery bet wee aN al hp te eee TT bei Or ye tt «ee ee Pn dt cet rr ew |b ee a Kodled PIs Ste Plat ota parent TAD ST a a date sey bp ae F 
- C : ; > Rete en corners PTS e VIS tek oC iia nd Pet eS Tt Dee fier sesre Pe ty Ree} LA os aad a ee Sa darted ei ee 
nrtas rs Le) a Th hI hs Hg ed 14h isa Helped Pt ae PT Bet fad Lda acd Ce Liha wv) 0.9 es Ot ght i dant Tit Ash pert nee 
Se ee ery pa eee 2 Lee Piro ie Miah a rete podad vp eI Witter eae tas Papers PP acta 34 rt ee te i] a 
sir eo eRe 8 PP? Ae ke Pip Fae Pee Te be Ae i vd oh Te BTS a eS ocr tei aie beta dt ae Eka ghey Le Pde myer é ey 
Be ee ee ok ie Heer rrr OA ee Lae Parte ry eee ad @ yay EA PITS TS LY, Rah OL a ied ae cotetetndeed POP de ee a SS old 
Pee td TTT SD oe ard Pe okie Fits AS EN a bah Pelee as md ene? Bm 
¥ ate ae Poet LT head Pp eO so Dates Dario i 
a o PITT Dae sn dale d fa =) - Polen 
Pert le 8 1 ade PG LAF 
ad 


ye = 
te EA WIT * arias 
Pa a EP, re 5 
oar ele qeructe™ ol Ja hae Sa me : & pen pees cece ey 
ae OO Oe on CA sei! apron ee LET RS 
a Se er thee | A: 
f A od be hl Ene ie LO J ae Cn ee 2 
i Py Se ed eID. Bru Et i 3 
ll SF Br ae mg 8 ee4 
pat hee a aa <a A 
4 5 ell la dE PGi PENN 7) TS a iaalieastite Gad mee ae Ae rere 
a rere it Sd tt ad 


